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Zusammenfassung und Ausblick 
Der Grad der Grünfärbung einer Banane wird durch Chlorophyll-Pigmente 
bestimmt und ist wichtig, um die Qualität im Zeitraum nach der Ernte 
festzustellen. Deshalb wurde in der vorliegenden Studie das Phänomen der 
Hyperpigmentierung, die an Schalen einiger Babybananen (Musa acuminata AA 
Simmonds cv. Bocadillo) aus Kolumbien beobachtet wurde, untersucht.  
Wenn die Frucht das Stadium der grünen Reife erreicht, erscheinen schmale, 
grüne Streifen, die wieder verschwinden, sobald die Carotinoide zu den 
Hauptbestandteilen der Schale werden. Dieses Verschwinden kann mit einem 
Abbau des Chlorophylls in Zusammenhang gebracht werden, wie die 
Ergebnisse der vorliegenden phytochemischen Untersuchung zeigen.  
Aus den Schalen von Babybananen wurden Chlorophyll a (Chl a), Chlorophyll b 
(Chl b) und Pheophytin a (Phy a) mittels Hochgeschwindigkeits-
Gegenstromverteilungschromatographie (engl. High-speed countercurrent 
chromatography, HSCCC) und einem neuentwickelten Fließmittelsystem 
bestehend aus Hexan/EtOH/CH2Cl2/H2O (6:2:4:2 v/v/v/v) isoliert. Dieses 
Fließmittelsystem ermöglicht die Ermittlung des Verhältnisses der Chlorophylle 
a/b sowie ihrer Derivate sowohl in Bananenschalen als auch in Gras und 
Spinat. Die Ergebnisse zeigten einen erheblichen Unterschied in der 
Pigmentzusammensetzung zwischen Babybananen mit Hyperpigmentierung 
und einer Babybananen-Kontrollgruppe. 
Die Verhältnisse zwischen Chl a/b und Phy a/b in der Kontrollgruppe und in 
den hyperpigmentierten Bananen lassen darauf schließen, dass die 
Babybananen-Kontrollgruppe während des Abbauprozesses eine umgekehrte 
Chl-b-Biosynthese nutzt, um ausschließlich Chl-a zu produzieren, wohingegen 
Bananen mit Hyperpigmentierung kein  Chl-a aufweisen und stattdessen Chl-b 
anreichern.  
Laut aktuellen Veröffentlichungen finden Abbaumechanismen des Chlorophylls 
nicht nur in Chloroplasten/Gerontoplasten statt, sondern durch die 
Phäophorbid-a-Oxygenase (PaO) auch im Cytosol und in Vakuolen. Dieser 
Vorgang führt zu einer Produktion von fluoreszierenden (Mc-FCC) und nicht-
fluoreszierenden (NCCs) Chlorophyll-Kataboliten. Die Bevorzugung des 
Phäophorbids a gegenüber Phäophorbid b als Substrat von PaO liegt darin 
begründet, dass Phäophorbid b ein kompetitiver Inhibitor des PaO ist. Deshalb 
ist die Umsetzung des Chlorophylls b nötig, um Chlorophyll a zu erhalten. 
Diese Ergebnisse könnten die Akkumulation von Chl-b in Babybananenschalen 
mit Hyperpigmentierung sowie das mit 0.86 geringere Verhältnis von Phy a/b  
im Vergleich zu 3.06 in der Kontrollgruppe erklären. Der Unterschied im 
Verhältnis von Phy a/b resultiert aus dem geringeren Anteil Phy b in der 
Babybananen-Kontrollgruppe verglichen mit dem hohen Gehalt von Phy b in 
den hyperpigmentierten Bananen.  
Enzyme spielen während des Chlorophyllabbaus eine entscheidende Rolle, 
weshalb eine Methode zur Isolierung von Chlorophyllase-Enzym und- Proteinen 
in Babybananen angewandt wurde (siehe 4.3.6). Mittels SDS/PAGE wurden in 
den Extrakten aus Babybananenschalen ohne Hyperpigmentierung 
Proteinbanden in einem Bereich von 20 kD bis 37 kD gefunden. Aufgrund der 
Übereinstimmung sowohl mit der in der Literatur beschriebenen 25 kDa- 
Proteinbande als auch dem 35 kDa-Molekulargewicht des erhitzten Enzym-
Proteins können diese der Chlorophyllase zugeordnet werden (Harpaz-Saad et 
al. 2007, Trebitsh et al. 1993). Weitere Studien sind nötig, um diese 
Ergebnisse mit dem Protein-Screening eines Extraktes aus hyperpigmentierten 
Babybananen zu vergleichen.  
Mittels Spiral-Coil LSRCCC konnten 17 g eines Hexanextraktes aus 
hyperpigmentierten Babybananenschalen unter Verwendung des 
Fließmittelsystems Acetonitril/Hexan (1:1 v/v) fraktioniert werden. 
Chlorophyllderivate wurden im Elution-Extrusion-Modus eluiert 
(polar→unpolar). Diese Extraktionsmethode erhöht die Phäophytinisierung. 
Ferner zeigten Messungen mittels APCI-HPLC-MS, dass die Methode für 
derartige Inhaltsstoffe mit polaren und unpolaren Gruppen geeignet ist. 
Weitere Untersuchungen via Spiral-Coil LSRCCC erscheinen sinnvoll, um 
bewerten zu können, wie sich das Verhältnis von Chlorophyll a/b unter 
Anwendung der zweiten Extraktionsmethode verhält, die den vollständigen 
Chlorophyllabbau durch das neue Fließmittelsystem Hexan/EtOH/CH2Cl2/H2O 
(6:2:4:2 v/v/v/v) verhindert.  
Die Strukturaufklärung der in Fraktion 14 der Spiral-Coil LSRCCC-Trennung 
von hyperpigmentierten Babybananenschalen enthaltenen Tocotrienole durch 
1D- und 2D-NMR ist wichtig, da diese Substanzen in der Kontrollgruppe nicht 
vorkommen. 
Die vorläufigen Vermutungen wurden bekräftigt durch die Detektion der 
Hauptderivate des Chlorophylls in hyperpigmentierten Babybananenschalen 
während der Untersuchungen mittels Spiral-Coil LSRCCC. Hierbei handelte es 
sich um Pyrophäophorbide, welche mit Sterinen/Sterolen verestert waren 
(siehe 2.3.3). Während des Chlorophyll-Abbaus findet eine Abspaltung von 
Phytol statt, welches angereichert wird und gemäß den Veröffentlichungen von 
Collakova und DellaPenna (2003) sowie DellaPenna und Pogson (2006) zu 
Tocopherolen und Tocotrienolen umgewandelt werden kann. Eine Synthese von 
Tocopherolen findet ausschließlich in Organismen statt, die Photosynthese 
betreiben. 
Die Anwesenheit von Triterpenalkohol-ferulaten in Reiskleieöl wurde nach einer 
Fraktionierung durch HSCCC bereits in der Literatur beschrieben (Angelis et al. 
2011; Liu et al. 2013). In der Spiral-Coil LSRCCC Fraktion 14 konnten mit Hilfe 
von APCI-HPLC-MS sowohl 25-Hydroxy-24-methylcycloartenylferulat sowie 
mittels 1D- und 2D-NMR-Experimenten Cycloartenyl-trans-ferulat identifiziert 
werden (siehe 2.3.4.1, 2.3.4.2). Die oben genannten Quellen berichten 
weiterhin, dass unter dem Namen γ-Oryzanol ein funktionelles Speiseöl 
vertrieben wird, welches als Nebenprodukt der Reiskleie hohe Gehalte an 
Sterinen/Sterolen, Triterpenalkohol-ferulaten und Vitamin E (Tocopherole und 
Tocotrienole) aufweist. Demzufolge stellen Babybananenschalen mit 
Hyperpigmentierung ein wertvolles Ausgangsmaterial für Produkte mit 
antioxidativen und hypocholesterinämischen Eigenschaften dar (Scavariello 
und Arellano 1998; Islam et al. 2008).  
Bei der phytochemischen Analyse von Babybananenschalen wurde das 
Glycolipid O-α-D-Galp(1’’→6’)-O-β-D-Glup(1’→3)-2,1-diacyl-L-glycerol 
entdeckt, welches damit zum ersten Mal in einer höheren Pflanzenart 
nachgewiesen wurde (siehe 2.1.2). Des Weiteren wurden die Strukturen von 
Phosphatidylcholin (Lecithin), Phosphatidylethanolamin, 
Sulphoquinovosyldiacylglycerol sowie molekulare Spezies des Glucocerebrosids 
mit Hilfe von 1D-, und 2-D-NMR-Spektroskopie aufgeklärt. Diese Verbindungen 
wurden im Rahmen dieser Arbeit erstmalig in Bananen nachgewiesen. 
Es ist wichtig zu beachten, dass Carotinoide keine bedeutende Rolle in Bezug 
auf das Phänomen der Hyperpigmentierung spielen, da sich ihre Gehalte in 
beiden Bananenarten ähneln. Allerdings ermöglicht das zweite neue 
Fließmittelsystem Hexan/EtOH/CHCl3/H2O (6:2:4:2 v/v/v/v) die Isolierung von 
Xanthophyllen aus Früchten und Pflanzen, wovon weitere Forschungsarbeiten 
profitieren könnten. 
Forschungsansätze für die nahe Zukunft bestehen in der gründlichen Analyse 
weiterer Bestandteile der HSCCC-Fraktionen, welche aus methanolischen 
Extrakten der hyperpigmentierten Babybananenschalen und der Kontrollgruppe 
gewonnen wurden. Hierdurch soll das Vorkommen polarer Derivate des 
Chlorophylls, wie z. B.  ein roter Chlorophyllkatabolit (engl. red chlorophyll 
catabolite, RCC), neue fluoreszierende Chlorophyllkatabolite (engl. fluorescent 
chlorophyll catabolites, FCCs) und nicht-fluoreszierende Chlorophyllkatabolite 
(engl. nonfluorescent chlorophyll catabolites, NCCs), erklärt werden. 
Anschließend sollte der Fokus auf die Erforschung des 
Hyperpigmentierungsphänomens an frischen kolumbianischen Babybananen 
mittels HSCCC und Spiral-Coil LSRCCC und unter Anwendung der im Rahmen 
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The Baby Banana fruit (Musa acuminata) is cultivated in Colombia, Ecuador, 
Costa Rica, Venezuela, Costa Rica and Kenya, however Colombia is the main 
country in Latin-American which has developed the marketing for exporting 
fruit to Europe and USA. Colombia exports not only Baby Banana but also oth-
er tropical fruits, e.g. Physalis peruviana (known as Uchuva) and Hylocereus 
undatus mentioned as white Pitahaya or dragon fruit, and they are classified as 
“exotic fruits". 
The tropical fruit is collected from different regions of Colombia and during the 
last years increasing experience has been gained to maintain the postharvest 
quality during exporting the fruit. Since climatic changes influence rainfalls, 
temperature and water availability, the traders of baby banana in Colombia 
confirmed the presence of an irregular ripening in several Baby Banana peels 
during the post-harvest stage that they called “hyperpigmentation” (HP). The 
occurrence of visible small green bands in the peels during the ripening 
showed that degradation of chlorophyll was abnormal in comparison with con-
trol bananas. Consequently, those Baby Banana fruits with hyperpigmentation 
were not suitable for export because they did not meet the overall standards of 
quality and both farmers and traders were affected economically. Farmers 
strictly classified the fruits during the postharvest stage before offering them 
for export and the fruit traders contacted the researcher in order to explore the 
phenomenon of hyperpigmentation in Baby Banana fruits.  
Thus, two groups of Baby Banana (with hyperpigmentation and without hyper-
pigmentation) have been studied under the hypothesis that the degradation of 
chlorophylls could play a role in the occurrence of the abnormal green bands 
on Baby bananas peels with hyperpigmentation. 
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Therefore, the main objective of this study was the analysis of the hyperpig-
mentation phenomenon in relation with the chlorophyll degradation in Baby 
Banana peel. Thus, the three specific objectives were: (i) the isolation of chlo-
rophyll and derivatives by means of High Speed Countercurrent Chromatog-
raphy (HSCCC); (ii) the comparison between Baby Banana peel without hyper-
pigmentation (control) vs. Baby Banana with hyperpigmentation by application 
of HSCCC; and (iii) to set up a phytochemical profile of Baby Banana peel. 
The optimization of a solvent system for the separation of chlorophylls by 
means of High-Speed Countercurrent Chromatography (HSCCC) was per-
formed and the proposal of using additional samples such as grass and spinach 
during the trials could enable the understanding of the role of chlorophylls in 
plants and fruits.  
Finally, a scale-up by means of Spiral Coil-Low Speed Rotary Countercurrent 
Chromatography (Spiral Coil-LSRCCC) is presented which has proven to be a 
suitable system for large-scale fractionations of extracts obtained from Baby 
Banana peel with hyperpigmentation. 
3 
1. GENERAL CONCEPTS
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1.1 Baby Banana (Musa acuminata AA Simmonds cv. Bocadillo) 
1.1.1 Taxonomic Classification of Bananas (Musa acuminata) 
The first edition of Linnaeus' Species Plantarum in 1753 established the botani-
cal nomenclature of genus Musa, familiy Musaceae and divided bananas and 
plantains (Musa ssp.) according to the consumption, in dessert bananas (Musa 
sapientum L.) being eaten raw, and plantain (Musa Paradisiaca L.) being pro-
cessed by cooking before consumption. APG II system (Angiosperm Phylogeny 
Group II system) in 2003, assigned Musaceae to the order Zingiberales in the 
clade Commelinids in monoctos1. A third version of APG (The angiosperm Phy-
logeny Group) in 2009, established an additional criteria of classification based 
on the genome.2  
Bananas and plantains have originated in Southeast Asia where they were do-
mesticated by selection from wild species more than 5.000 years ago and now 
are known as hybrids of polyploids progenies of two wild banana species- Musa 
acuminata and Musa balbisiana- according to a genome-based system intro-
duced by Ernest Cheesman, Norman Simmonds, and Ken Sherpherd, which 
indicates the degree of genetic inheritance from the two wild parents and the 
number of chromosomes (ploidy). Therefore, Linnaeus' Musa sapientum is now 
identified to be the hbrid Latundan cultivar (M. x paradisiaca AAB Group 'Silk'), 
Musa paradisiaca AAB, Musa balbisiana ABB and Musa acuminata AA and AAA.  
                                   
 
1 APG II 2003. An update of the Angiosperm Phylogeny Group classification for the orders and 
families of flowering plants: APG II. The Angiosperm Phylogeny Group. Botanical Journal of the 
Linnean Society, 2003, 141, 399-436. 
2 APG III 2009. An update of the Angiosperm Phylogeny Group classification for the orders and 
families of flowering plants: APG III. The Angiosperm Phylogeny Group. Botanical Journal of 
the Linnean Society, 2009, 161, 105-121. 
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Actually, banana cultivars or clones are named e.g. Musa AAB Simmonds, clon 
Cachaco Cardeñosa, a species from Colombia and in case of Baby Banana from 
Colombia, its official designation is Musa acuminata AA Simmonds, cv. "Bo-
cadillo".3 
The Baby Banana is known in English as “Lady Finger”, “Singer bananas”, 
“Date banana”, “Fig banana” or “Sucrier”, depending on the region where it is 
cultivated. 
1.1.2 Plant morphology 
The banana plant is the largest herbaceous flowering plant. Cultivated bananas 
are parthenocarpic, fruits in which the flesh swells and ripens without its seeds 
being fertilized and developing. The propagation is vegetative due to the lack-
ing of viable seeds and farmers remove and transplant part of the underground 
stem (corm) from which all the above-ground part of the banana plant grow. 
The external part of the plant consists in a vertical shoot that develops from 
the base of the banana plant called "pseudostem" or " false stem". The edges 
of the sheath meet when it is first produced, make it look tubular. As new 
growth occurs in the centre of the pseudostem the edges are forced apart. Cul-
tivated banana plants vary in height depending on the variety and growing 
conditions between 5 to 7 m. Leaves are spirally arranged and grow 2.5 me-
tres long and 50 cm wide (Robinson 1996; Simmonds 1995; Ortiz et al. 1995) 
(Zeller 2005). 
                                   
 
3 Belalcázar, C., S., 1991. Manual de asistencia técnica N° 50: El cultivo del plátano en el 
trópico. ICA, CIID, INIBAP y Comité de Cafeteros del Quindío. Armenia, Quindío, p.56. 
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After 10 to 15 months the banana plant is mature and the corm stops produc-
ing new leaves. Then a stem develops which grows up inside the pseudostem, 
carrying the immature inflorescence until eventually it emerges at top. This 
inflorescence is known as "banana heart". The flowers appear in group (hands) 
along the stem and are covered by purplish bracts which roll back and shed as 
the fruit stem develops. The first hands to appear contain female flowers which 
will develop into bananas. The female flower appears in rows and varies from a 
few to more than 10, further up the steam from the rows of male flowers that 
are in the bottom of the inflorescence. The ovary is inferior, meaning that the 
tiny petals and other flowers parts appear at the tip of the ovary. Male and fe-
male flowers are morphologically indistinguishable until the inflorescence is 
about 12 cm long. At this point the ovary in the male flower fails to develop 
any further (Simmonds, 1953a). Flowers have a 3-lobed stigma and style and 
an inferior ovary fused from 3 loculi. Each loculus of a female flower contains 
two rows of ovules embedded in a strip of mucilage (Simmonds, 1953). There 
are 5 stamens in male flowers; these are reduced to staminodes in female 
flowers (Simmonds, 1953a). 
Each fruit is a berry and is known as a "finger". Each cluster of fruits at a node 
is known as a "hand" and the entire collections of hands are known as a 
"bunch". The number of hands varies with species and cultivar. The outer pro-
tective layer of each fruit, known as the "skin" or "peel", is a fusion of the hy-
panthium (florar receptacle) and outer layer (exocarp) of the pericarp (fruit 
wall derived from the ovary wall). This peel is easily removed from the fleshy 
pulp that originates mainly from the endocarp (innermost layer of the peri-
carp), (Simmonds, 1953). During the development of the fruit from the ovary, 
the tepals, style and staminodes abscise leaving a characteristic calloused scar 
at the tip of the fruit. Color, size, texture and flavour of common cultivated 
Musa fruits vary with cultivar (Australian Government, 2008). 
Figure 1-1 depicts the cultivation of Baby banana in Colombia. The fruits are 
berries between 8-13 cm in length and 1.5 to 1.3 cm in width. Fruits turn from 
green to yellow during the ripening. The flesh, ivory-white is firm, astringent, 
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even gummy with latex when is unripe, turning tender and slippery, soft and 
mellow, rather dry, mealy or starchy when ripe (Figure 1-2). 
  
Figure 1-1. Baby Banana cultivation in Cundinamarca, a central region  




Figure 1-2. Baby Bananas (Musa acuminata AA Simmonds cv." Bocadillo”) from Colombia  
at different stages of ripening after being harvested.  




 Baby Banana is cultivated in Colombia in different regions whose height oscil-
late between 1.000 and 2.000 meters above sea level with a temperature be-
tween 16-30 °C. The average rainfall of the area changes between 1.800 and 
2.800 mm. The main growing areas are in western Antioquia department, 
known as Uraba, in eastern Santander department and in the Central part of 
Colombia where the major of department are located in a mountainous area.4 
(Figure 1-3) 
The cultivation of Baby Banana in Colombia regularly belong to farmers more 
than to multi-national giant corporation like today´s Chiquita Brands Interna-
tional and Dole. The first trader for Baby banana fruit export begun in the 
80´s. 
Banana represents 244 US $ millions of global exportations of Colombia and 
currently ranks third in the exportation in comparison with coffee and flowers 
in first and second ranking, respectively. The major countries in Europe that 
receive banana are Belgium, United Kingdom and Germany.5 (Figure 1-4)  
                                   
 
4 Belalcázar, C., S., 1991. Manual de assistência técnica N° 50: El cultivo del plátano en el 
trópico. ICA, CIID, INIBAP y Comité de Cafeteros del Quindío. Armenia. Quindío. p.56 
5 Ministerio de Comercio, Industria y Turismo de Colombia. Estadísticas e Informes. –DANE-
DIAN. 2013 (http://www.minicit.gov.co/publicaciones.php?id=15815) 




Figure 1-3. Commercial Baby Banana growing areas in Colombia, in western Antioquia Department, in 
central territory, and in the eastern Santander Department (Belalcázar, 1991). 
 
Figure 1-4. Exportations from Colombia ranking in US $ (millions) for 2013 (left) and receiving countries 
in Europe (right).  
 




The mature bunch is harvested after one year of planting by vegetative propa-
gations. Since then plant produce a bunch each four months. Therefore, the 
growers implement farm management for obtaining harvests in sequence dur-
ing the year. In this way they can adequate the marketing according to the 
supply and demand. The period between flowering and harvest varies from 6 
to 10 weeks depending on the stage of ripening that is necessary according to 
the marketing either national or international.6 In most commercial operations, 
the banana bunches are covered in plastic or cloth bags to prevent blemishes 
from mechanical and bird/plying and sugar glider damage.  
Commercially, harvesting takes place when the fruit on the upper hands are 
just changing to light green and during the post-harvest it is monitored with a 
color chart (Figure 1-5). Because of the ripening process could be halted due to 
an inadequate temperature, the fruit should kept between 13.5 and 15 °C.  
  
Figure 1-5. Post-harvest of Baby Bananas in green stage before being exported (left). 
Control color chart of Bananas used during the post-harvest marketing.  
                                   
 
6 Corporación Colombiana Internacional, Departamento de Planeación. Análisis internacional 
del sector hortifrutícula para Colombia (1994).  
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 The critical temperature of storage is 12 °C at 70% humidity and the optimal 
time is two weeks for prolonging four week of shelf-life of fruits.7 When the 
Baby Banana fruit is exposed to 2 °C and 7 °C damage occurs due to variation 
in the respiratory activity with a low level of carboxylic acids and sugars in 
comparison with a control at 20 °C. The peel shows black spots and a high 
contamination by fungi. The organoleptic characteristics as flavour and color 
are altered.8  
Short treatment post-harvest (15% CO2, 2% O2, 83% N2) were applied during 
48 h to Baby Banana fruits after harvesting, and the climateric peak was de-
layed by 21 days without chemical and sensorial changes. Extraction and en-
zymatic activity of chlorophyllase was performed in Baby Banana peels both 
with treatment and without treatment (control) and the apparent Michaelis-
Menten kinectics (Km) was reported. The substrate concentration at which the 
reaction rate is half of Vmax (361 µM-Chl a/min/mg) was 0,034 µM-Chl a at 37 
°C and pH 7.0. The results depict a stable enzyme-substrate complex with a 
high affinity for chlorophyll a. SDS-PAGE experiments were applied to protein 
extracts from Baby Banana peel and molecular mass between 12 and 35 kD 
were reported for chlorophyllase.9 
                                   
 
7 Díaz, R., Porras, G., Determinación de la temperatura crítica de almacenamiento del banano 
bocadillo (Musa paradisiaca L.). Trabajo de grado. Santafé de Bogotá. Universidad Nacional de 
Colombia. Departamento de Química (1998). 
8 Bustos, Y., Estudio preliminar del efecto de las bajas temperaturas en el almacenamiento del 
banano bocadillo (Musa paradisiaca L.). Trabajo de grado. Santafé de Bogotá. Universidad 
Nacional de Colombia. Departamento de Química (1995). 
9 Castro, B. M., Efectos de tratamientos postcosecha en la actividad enzimática de la clorofilasa 
del Banano Bocadillo (Musa acuminata). Trabajo de grado. Mención meritoria. Título Maestría. 
Santafé de Bogotá. Universidad Nacional de Colombia. Departamento de Química. 
Departamento de Agronomía (2001).  
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1.1.4.1 Hyperpigmentation phenomenon 
The hyperpigmentation phenomenon in Baby Banana peel was observed for 
first time in Colombia during the recollection of fruits for export around the 
90´s and this fact was confirmed when the sanity control in the European Un-
ion was applied to the fruits due to the occurrence of green band in the peels 
(Figure 1-6). The fruits were rejected as a consequence that fruit with hyper-
pigmentation were excluded into the international marketing. The farmers 
learned to do a strict classification during the post-harvest stage and fruits 
with hyperpigmentation were addressed to the local marketing. The label of 
“hyperpigmentation” was assigned by the traders to identify the fruit with the 
quality problem.  
 
Figure 1-6. Baby Banana with hyperpigmentation (HP) (left), and without  
hyperpigmentation (Control), (right).  
The green bands are visible when the fruit is in the green stage (1-3 point ac-
cording to the control color chart), more than in yellow stage. Even though this 
fact does not mean that fruit develops a normal stage of ripening. The effect of 
the hyperpigmentation was monitored during 10 days postharvest in fruit, 
hence the influence of the phenomenon on the peels could be observed. The 
green bands could be related to the degradation of chlorophyll since the hy-
perpigmentation shows green veins through the peels especially in the posteri-
or view that could depict chlorophyll accumulation on the peels. The control 
usually turn on green to yellow on the peels without intermediate stage as it is 
illustrated in the control color chart, except for stage 5 where only the upper 
and button area maintain a green color (Figure 1-7.) 
 














Figure 1-7. Baby Banana with hyperpigmentation at different stages  
of ripening during 10 days after being harvested. 
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1.2 Chlorophyll degradation 
The knowledge on chlorophyll degradation has grown considerably nowadays 
due to relevant reports about chlorophyll catabolites in higher plants and fruits 
which reveal a path of chlorophyll breakdown not only in chloroplast but also in 
both cytosol and vacuole (Kräutler et al. 2012). 
The controversy about whether chlorophyll catabolism occurs either in vivo via 
oxidase or peroxidase (Minguez-Mosquera and Garrido-Fernandez 1996; 
Thomas & Janave 1992) or via the pheophorbide a oxigenase (PaO) pathway 
proposed by Hörtensteiner (1999) and Kräutler at al (1997) has been clarified 
in favor of the PaO pathway (Pružinská et al. 2005; Berghold et al. 2006; Mo-
ser et al. 2012). 
The first step in chlorophyll a catabolism corresponds to a loss of phytol by 
chlorophyllase enzyme and subsequently chlorophyll derivatives are formed 
such as pheophytin a, pheophytin b, pyropheophytin a, pyropheophytin b, 
pheophorbide a, pheophorbide b, chlorophyllide a, chlorophyllide b. Structural 
isomers of chlorophyll a and b, such as chlorophyll derivatives, are shown in 
Figures 1-8, 1-9. 
Chlorophyllase was one of the first plant enzymes described by Willstätter and 
Stoll in 1913. Studies of biochemistry and molecular biology concluded that the 
enzyme is a serine lipase-type esterase (Jakob-Wilk et al. 1999) Additional re-
sults in Citrus (Citrus sinensis) suggest that chlorophyllase functions as a rate-
limiting enzyme in chlorophyll catabolism controlled via posttranslational regu-









Compound Mg* Rl R2 Isocycling Ring (V) 
Chlorophyll a + CH3 Phytyl 1 
Chlorophyll b + CHO Phytyl 1 
Chlorophyll a’ + CH3 Phytyl 2 
Chlorophyll b’ + CHO Phytyl 2 
Hydroxypheophytin a  – CH3 Phytyl 3 
Hydroxypheophytin a’ – CH3 Phytyl 5 
Pheophytin a – CH3 Phytyl 1 
Pheophytin a’ – CH3 Phytyl 2 
Hydroxypheophytin b – CHO Phytyl 3 
Hydroxypheophytin b’ – CHO Phytyl 5 
Pheophytin b – CHO Phytyl 1 
Pheophytin b’ – CHO Phytyl 2 
Hydroxychlorophyll a + CH3 Phytyl 3 
Hydroxychlorophyll b + CHO Phytyl 3 
Pyropheophytin a – CH3 Phytyl 4 
        *Mg is represented by 2H in pheophytins. 
 
Figure 1-8. Structural formulas and nomenclature of chlorophylls  
and their derivatives (Huang et al. 2008). 
 




Figure 1-9. Nomenclature of the porphyrins related to Chl a and the isomer Chl a’ (Aronoff 1966). 
 
Subsequent studies have been reported by Hörtensteiner and support that 
chlorophyll a is converted to chlorophyll b in order to be catabolised by the 
pathway where enzymes such as Chl b reductase, Mg dechelatase, pheophor-
bide a oxigenase and RCC reductase are involved (Hörtensteiner 1999, 2006; 
Pružinská et al. 2003; Thomas et al. 2001). 
The chlorophyllide is formed by activity of chlorophyllase as well as pheophor-
bide by Mg dechelatase and both chlorophyllide and pheophorbide are green 
(Figure 1-10). They are intact in the plastids but when chlorophylls and their 
derivatives are moved to chloroplasts or gerontoplasts, the tetrapyrrole ring of 
the pheophorbide is opened due to the activity of pheophorbide a oxygenase 
and a red metabolite (RCC) is produced. A redox reaction is necessary involv-
ing O2 and Fe. The spectrum of RCC is distinguished by a peak at ca. 485 nm 
(Hörtensteiner 1999, 2006; Moser et al. 2012) (Figure 1-11). 





Figure 1-10. Chlorophyll breakdown pathway in higher plants (first stage) (Hörtensteiner 2006).  
 
 




Figure 1-11. Product of the pheophorbide a reaction to red chlorophyll catabolite (RCC).  
(Kräutler et al. 1991, 1992, 2012).  
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Hörtensteiner et al. (1995) sugggested that pheophorbide b is a competitive 
inhibitor of PAO and for these reasons pheophorbide a is used as substrate. 
Therefore, catabolism of chlorophyll b is required to yield chlorophyll a (Folly 
and Engel 1999). 
Chl b is a component of the antenna complex in the photosystems and occurs 
at variable ratios to Chl a. All catabolites of chlorophyll so far characterised in 
higher plant as nonfluorescent chlorophyll catabolites (NCCs), however, have a 
methyl group attached to C-7 on the B pyrrole ring, the characteristic methyl 
of chlorophyll a. 
Hörtensteiner explains that the reason for this behavior is found in the specific-
ity of PAO for pheophorbide a, and consequently conversion to the a-forms is a 
prerequisite of Chl b breakdown via PAO (Hörtensteiner 2006). 
Red derivatives of chlorophyll corresponding to RCC are also known to be pro-
duced in Chlorella protothecoides during enforced degreening under N-
deficiency and heterotrophic metabolism (Engel et al. 1996; Oshio and Hase 
1969). In these green algae, RCCs represent the final step of Chl breakdown 
which are excreted into the medium whereas in higher plant the final catabo-
lites are exclusively derived from chlorophyll a and identified as nonfluorescent 
chlorophyll catabolites (NCCs).  
RCC reductase is the enzyme that catalyses the ferredoxin-dependent reduc-
tion of a double bond in the pyrrole system of RCC to produce an almost color-
less tetrapyrrole with a strong blue fluorescence at 321 and 361 nm. All three 
remaining mesopositions are fully reduced, resulting in the complete disruption 
of the double-bonding system of chlorophylls. The "primary" fluorescent chlo-
rophyll catabolites pFCC, or its C1 epimer, epi-p FCC has been identified 
(Kräutler et al. 1991, 2012) (Figure 1-12). 
 




Figure 1-12. Reduction of red chlorophyll catabolite (RCC) to produce the "primary" fluorescent 
chlorophyll catabolite (pFCC or its C1 epimer, epi-pFCC) in senescent leaves and ripening fruit  
(Kräutler and Hörtensteiner 2006).  
The following step resembles the biochemistry undergone by xenobiotics and 
other harmful chemical (Kreuz et al. 1996). The pFCC is expulsed into the vac-
uole and tautomerised to accumulate there as nonfluorescent chlorophyll ca-
tabolites (NCCs). This behavior of the cell could be understood as a treatment 
of chlorophylls derivatives as dangerous products, which must be detoxified. 
14 new NCCs from tobaco, Arabidopsis, spinach, and maize have been struc-
turally caracterized (Berghold et al. 2004; Berghold 2005; Oberhuber et al. 
2001). All NCCs structurally analyzed so far are derived from Chl a and share a 
common basic tetrapyrrolic structure.  
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The degradation of chlorophyll in ripening bananas revealed a stunning variety 
of colorless chlorophyll catabolites, as a result of a surprisingly complex break-
down path. Four persistent FCCs (Mc-FCCVs) which accumulated in the peels of 
ripe bananas were identified (Kräutler et al. 2012; Moser et al. 2008, 2009a, 
2009b). 
The different of FCCs in banana in comparison with other species is the persis-
tence of the compounds and the ester function at the propionate side-chain. In 
other species they exist only "fleetingly" and they are hard to observe (Moser, 
et al. 2012) (Figure 1-13). 
 
Figure 1-13. Fluorescent catabolites (Mc-FCCs) in extract of the peels of freshly ripe bananas  
(Thomas et al. 1989; Moser et al. 2012).  
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The Mc-FCCs step of chlorophyll breakdown begins with epi-pFCCC-62 and is 
proposed as a common precursor of the following catabolites. Mass spectro-
metric analysis indicated only one oxygen atom more than a primary FCC 
(pFCC). The elucidation confirmed the hydroxyl group at the terminal position 
of the ethyl substituent at C8. Thus Mc-FCC-62 was revealed to be a 82-
hydroxy-132-(methoxycarbonyl)-31,32-didehydro-1,4,5,10,17,18,20,22-
octahydro-4,5,seco-(22H)-phytophorphyrin (Moser et al. 2008, 2009ab). 
The most polar compound is the “hyper-modified” (hmFCCs) Mc-FCC-49 due to 
a glucose bound at C-82 together with the complex propionate ester function. 
Modified FCC (mFCC) with a free propionic acid group are not present and may 
only exist transiently (Moser et al. 2012). They are imported into the vacuole, 
where they are isomerized rapidly to the corresponding NCCs by acid catalyzed 
reactions (Pružinská et al. 2005).  
Nonfluorescent catabolites (Mc-NCCS) were detected by analytical HPLC and 
classified tentatively, based on their UV spectra. Seven of ten compounds were 
isolated by preparative HPLC, and further analyzed by mass spectrometry and 
NMR spectroscopy. They differ from each other by modifications of peripheral 
side chains, which are restricted to three positions (Figure 1-14). 
Six reactions can be distinguished: dihydroxylation of the vinyl group of pyrrole 
A (R1), hydroxylation at C82, followed by glucosylation and/or malonylation 
(R2), C132 demethylation (R3), finally, tautomerization of FCCs to NCCs. Except 
for the C82-hydroxylation and tautomerization, which are reactions common to 
all investigated species, other side chain modifications occur in a species-
specific manner (Matile et al. 1999). 




Figure 1-14. Nonfluorescent catabolites (Mc-NCCs) identified in an extract of the peels of ripe banana 
(Moser et al. 2012; Mühlecker and Kräutler 1996; Mühlecker et al. 1997).  
In banana peels, hm FCC accumulate in freshly ripening tissue and in still via-
ble, senescent cells in the transition region from intact, ripened to dead peel 
tissue. Persisten fluorescent chlorophyll catabolites, which are endogenously 
provided by chlorophyll breakdown, may hence commend themselves as natu-
ral molecular in-vivo reporters of senescence and senescence-associated cell-
death symptoms (Moser et al. 2012). 
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1.3 High-Speed Countercurrent Chromatography 
The preparative method called counter-current chromatography (CCC) pro-
vides an advantage over the conventional column chromatography by eliminat-
ing the use of a solid support where dangers of irreversible adsorptions from 
the support are inevitably present (Ito 2005) The technique is based on liquid-
liquid partitioning of two immiscible liquid phases identified as mobile and sta-
tionary phases.  
The High-Speed Countercurrent Chromatography (HSCCC) mechanism consists 
in a multilayer coil separation column which holder rotates about its own axis 
and revolves around the centrifuge axis at the same angular velocity (ω) in the 
same directions. This planetary motion prevents twisting the bundle of flow 
tubes allowing continuous elution through a rotating column without leakage 
and contamination. Figure 1-15 illustrates a system with three coils of a High-
Speed Countercurrent Chromatography (HSCCC). 
 
Figure 1-15. Preparative triple-coil planetary motion of separation column in High-Speed Countercurrent 
Chromatography (HSCCC).  
The motion and distribution of the two phases in the rotating coil is based on 
the Archimedean screw force. When two immiscible solvent phases are intro-
duced in an end-closed coiled column, the rotation separates the two phases 
completely along the length of the tube where the lighter phase occupies one 
end called the “head” and heavier phase, the other end called the “tail”. The 
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head and tail are defined according to Archimedean screw effect: all objects 
with differents densities, either lighter or heavier than the suspending medium, 
present in the rotating coil are driven toward the head of the coil.  
The columns are divided in two zones: mixing zone near the center of the cen-
trifuge and settling zone in the rest of the area. Motion of the mixing zones 
through the stretched spiral column shows that the mixing zone travels 
through the spiral column at a rate of round per one revolution of the column. 
Consequently, it indicates a high partition efficiency of the system that the so-
lutes present at any portion of the column are subjected to a partition process 
of mixing and settling at an extremely high frequency of 13 times per seconds 
at 800 rpm (Ito 2005). 
 
Figure 1-16. Schematic drawing of motion and distribution of two phases in the spiral column undergoing 
type J- planetary motion in High-Speed Counter Current Chromatography (Ito and Conway 1996). 
The selection of the two phase solvent system for the target compounds is the 
most important step in HSCCC where searching for a suitable two-phase sol-
vent system may be estimated as 90% of the entire work in HSCCC. The con-
sulting of literature is essential before beginning with the experiment and sev-
eral monographs, review articles and books chapters in the cited references 
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describe various two-phase solvent systems to be applied (Ito 2005; Sticher 
2008; Friesen and Pauli 2005, das Neves and Guimarấes Leitấo, 2010). 
Figure 1-17 depicts the components in a High-Speed Countercurrent Chroma-
tography system. The HPLC-pump transports the system phase towards the 
coil and between the coil and the pump the injection port is installed. The 
sample is transported into the coil through the column which contains the sol-
vent system and then is going out in direction to the detector. Then, the frac-
tion are gathered by a fraction collector. The acceleration of the coils is ejected 
by a motor with capacity to get 800 or 900 rpm.  
 
 
Figure 1-17. Schematic drawing of a High-Speed Countercurrent Chromatography  
(Sutherland, 1987) 
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1.4 Spiral-Coil Low-Speed Rotary Countercurrent Chromatography 
(Spiral-Coil LSRCCC)  
The spiral-coil low speed rotary countercurrent chromatography is a versatile 
and gentle all liquid partition chromatographic method, which has been used 
for several applications in natural product isolation. The prototype has become 
a powerful tool in enrichment and isolation of target compounds in large quan-
tities and consists of three spiral layers connected in series with a total volume 
of 500 mL. The column is composed of convoluted PTFE tubing (8.5 mm I. D) 
of 9.7 m length. The assembly is mounted onto a seal-less flow-through centri-
fuge, which is operated by speed control. The pitch of the spiral was ca.3.7 cm. 
The spiral starts at 6.7 cm and ends at 22.0 cm from the center of rotation, 
forming nearly four-spiral turns. A pair of flow tubes (standard–wall 0.85 mm 
ID Teflon tubing) from each terminal of the spiral column was led through the 
central axis of the apparatus, supported by a hollow plastic guide pipe, and 
then rigidly held at the stationary exit spot. The rotary speed of the column 
was regulated with a speed control. The solvents were delivered by an HPLC 
pump (Waters, model 515, Milford, MA; Köhler et al. 2004). 
 
Figure 1-18. Assembly of Spiral-Coil Low Speed Rotary Countercurrent chromatography  
(Spiral-Coil LSRCCC). 
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As a comparison between the preparative techniques is realized, the spiral-coil 
avoids the long separation time that is necessary for the scale-up experiments 
with LSRCCC. Therefore, the CCC prototype combines two advantages, such as 
short separation time and large sample load. Table 1-1 describes the features 
of each CCC technique.  
Table 1-1. Comparative features between scale-up Spiral-Coil Low-Speed Rotary-CCC, Low-Speed Rotary 
CCC and High-Speed CCC. 
 
The form of tubes plays an important role in the scale-up preparative tech-
nique since the form is convoluted in comparison to the bare-tube used in 
HSCCC. An additional characteristic, such as the gravitational force, increases 
the separation of the target compounds into the coil of LSRCCC, however, the 
Spiral-Coil Rotary-CCC performs a broadly distribution of the target compound 
into the coil due to the spiral conformation. Therefore not only the gravitational 
force is involved but also the spiral force.  
The Spiral-Coil Rotary CCC increases the retention of stationary phase in com-
parison with the Low-Speed Rotary CCC and this demonstrates the meaningful 
effect of the scaled-up separation of target compounds (Köhler et al. 2004)  
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2.1 Phytochemical profile of Baby Banana control peels 
Introduction: Isolation of Phospholipids and Glycolipids from Baby Banana peels 
Preparation of an extract from Baby Banana peels (20 mg) was carried out 
with with N, N-dimethylformamide and the filtrates were treated with hexane 
in a decantation funnel in order to extract and separate the carotenoids pre-
sent in the samples. The phase of N, N-dimethylformamide retained polar and 
nonpolar compounds.  
A total of eight extractions with hexane were needed to collect 405.5 mg of 
Baby Banana peel's extract that was injected for a preparative separation by 
HSCCC. The elution mode used in the separation was ‘head-to-tail’ and the 
solvent system was hexane/CH2Cl2/EtOH/H2O (2:1:3:1, v/v/v/v). The flow rate 
of the mobile ethanol/water phase was set to 3.5 mL/min; for detection λ 440 
nm was used. A total of 13 fractions were collected during the elution mode 
and 3 additional fractions resulted in the extrusion mode (Figure 2-1). 
 
Figure 2-1. HSCCC chromatogram of 405.5 mg of an extract from Baby Banana peels monitored at 440 
nm using elution and extrusion mode. 
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The preliminary phytochemical screening was analysed by means of TLC that 
revealed the presence of phytoconstituents, not previously identified, in fraction 
7 (62.2 mg) from the HSCCC separation. Consequently, an additional prepara-
tive HPLC-reversed-phase separation was carried out using MeOH/EtOH (70:30, 
v/v) as isocratic eluent with a Phenomenex Luna 5 µ column, (250 x 15 mm) 
and 11 fractions were collected and monitored by TLC (RP-18) (Figure 2-2) 
(c.f.4.2.1.7.1). 
2.1.1 Phosphatidylcholine (Lecithin) 
The compound 1,2-dilinoleoyl glyceryl-phosphorylcholine was isolated in frac-
tion 11 from the preparative HPLC-reversed phase system and the pure phos-
phatidylcholine structure was elucidated by 1D/2D-NMR spectroscopy (1H1H, 
13C, 1H/1H-COSY, HSQC, HMBC, NOESY) and complemented by mass spec-
trometry, data were in agreement with previously published data (Sobolev et 

















Figure 2-2. Fraction 7. Left: RP-18 TLC and Silica gel screening of target fraction 7 from HSCCC elution 
phase containing 62.25 mg of lipids. (a) Silica gel TLC. (b) RP-18 TLC 363 nm. (c) RP-18 TLC developed 
plate with p-anisaldehyde stain. Right: Separation of fraction 7 by HPLC-reversed phase system.  
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Figure 2-3. Chemical structure of phosphatidylcholine. Chemical shift of HSQC correlation shows 
numbered carbons and protons that confirm the elucidated data. 
Table 2-1. 1H-NMR and 13C-NMR spectroscopic data of phosphatidylcholine (PTC) and assignments of 
resonances in the 600 MHz 1H-NMR and 150 MHz 13C-NMR in CD3OD. 





























The 13C-NMR spectrum of phosphatidylcholine contained a fatty acid region 
with lipid signals of CH3 at δ 14.39 and of CH2 from δ 23.64 to 35.19 that cor-
respond to allylic region; also, carbonyl signals of two esters at δ 174.9 and 
174.6 corresponding to chains esterified at sn-1 and sn-2 of glycerol. The hy-
drophilic region of the structure is represented by the glycerol moiety at sn-3 
esterified with a phosphate group which itself is esterified with the OH-group of 
choline (Figure 2-4). 
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Figure 2-4. 600 MHz 13C-NMR spectrum of phosphatidylcholine in CD3OD. 
The most characteristic 1H signals of phosphatidylcholine or lecithin is the sin-
glet at 3.1 ppm from (CH3)3N and the multiplet at 3.5 ppm, due to CH2N. 
Moreover, the multiplet at 4.17 ppm shows the correlation with the 13C reso-
nance of 60.39 ppm corresponding to CH2OP (Figure 2-5). Furthermore, the 31P 
spectrum showing the resonances at 0.729 ppm determinates the Phosphorous 
in the structure (Kaffarnik et al. 2013) (Figure 2-6).  
Comparison of resonances in 13C and DEPT NMR spectra confirmed the pres-
ence of methyl and methylene from the choline moiety, whose signal of CH3 at 
δ 54.5 had three resonances linked to each other and a correlation with the 
singlet at 3.1 ppm from (CH3)3N, (Figure 2-7); also resonances of CH2OP and 
CH2N at δ 60.3; and at 67.3, respectively, in correlation with the multiplet at 
4.17 and 3.5 ppm (Table 2-1). 
Two linoleic fatty chains were elucidated in the 13C spectrum of phosphatidyl-
choline which showed ester carbonyl signals at δ 174.6 and 174.9,methylene 
and methine signals between δ 23.64 and 35.19 with predominant signals of 
CH2 at δ 30.84, δ 30.86 and CH3 at δ 14.5. Also double bond lipids were de-
tected with several signals at δ 129.2, 129.0, δ 130.8 and 131.0, which corre-
spond to two unsaturated linoleic fatty acid chains. The DEPT NMR spectrum 
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showed inverted CH2 signals in the carbohydrate region from δ 30.07 to 30.41 
matching eight CH2 in the allylic region, between CH2 4-7. Further signals were 
at δ 34.8 and 34.9 representing CH2-2, and signals from δ 23.8 to 28.1 that be-
long to CH2-3, 11, 14, 17 and confirm the presence of two fatty acids. COSY 
and NOESY spectra allowed the assignment of proton signals and HMBC spec-
tra, which was then used for assigning 13C-NMR signals (Table 2-2). 
Examination of linoleic acid using COSY, NOESY and HMBC gave information to 
confirm that the fatty acid could be an unsaturated omega-6 fatty acid. The 2D 
NMR correlation displayed a proton signal between CH3-18 and CH2-17, CH2-16 
and also a resonance between CH2-14 and CH2-15 is apparent.  
The glycerol moiety was confirmed by 1D and 2D NMR spectra which sustained 
proton signals at δ 3.9, 5.1 and 4.0-4.3 for CH2 sn3, CH2 sn2 and CH2 sn3, re-
spectively, and their correlation with ester carbonyl signals from the fatty acid 
and the distribution of them related to the structure of PTC. Linoleic acid with 
C-1 signal at δ 174.9 showed correlation resonance in the HMBC spectrum with 
δ 4.0-4.3 proton equivalent to CH2 sn 1. Similarly, C-1 signal at δ 174.63 had a 
correlation resonance with δ 5.1 equivalent to CH2 sn 2 of the glycerol part. 
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Table 2-2. 1H-NMR and 13C-NMR spectroscopic data of two linoleic acids (18:2∆9, 12) as part of the 
structure of PTC and assignment of resonances in the 600 MHz 1H-NMR and 150 MHz 13C-NMR in 
CD3OD. The full assignments of the structures were based on 2D experiments and literature data (Sas-
saki et al. 1999; Gunstone 1990; Zamora et al. 2002; Vlahov 2009). 
Assignment δ1H (ppm) 
R1-R2 































































Figure 2-5. 1H-NMR and 13C-NMR HSQC spectra of phosphatidylcholine (hydrophilic region). The spectral 
region of hydrophilic portion between 50-75 ppm resonances of 13C and the 1H signals represents the 
phosphate group esterified with the OH-group of choline. 
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Figure 2-6. One dimensional 31PNMR spectra of phosphatidylcholine (PTC). 
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Figure 2-7. 13C and DEPT NMR spectra of methyl belongs to hydrophilic section of the PTC  
corresponding to (CH3)3N. 
High performance liquid chromatography/atmospheric pressure chemical ioni-
zation mass spectrometry (HPLC-APCI-MS/MS) was applied to identify and 
confirm the structure of phosphatidylcholine in positive (+) mode. The APCI is 
the most frequently ionization technique used in HPLC-MS analysis of diacyl-
glycerides and triacylglycerides because it enables – in addition to the molecu-
lar mass (Mr) determination – the identification of the individual acyl moieties 
from the [M+H-RCOOH]+ ions. 
In the phosphatidylcholine spectrum (Figure 2-8) the molecular ion peak was 
identified as m/z 780.4, which confirms a structure of 1-2-dilinoleyl glyceryl-
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phos-phorylcholine and a ion at m/z 663.2, as a base peak. The ions m/z 
618.4, 607.1 are interpreted as a result of extensive rearrangements involving 
the expulsion of the phosphate group as it is described for other Phosphorous-
containing molecules. The other ions in this group are suggested as arising 
from the choline moiety (Klein 1971; Ismaiel et al. 2008; Jensen et al. 1986). 
The linoleic acid is represented in the spectrum at m/z 297.9 as [M+H2O]. 
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Figure 2-8. Positive-ion APCI mass spectra of 1-2-dilinoleyl glyceryl-phosphorylcholine. Intensity [mAU] 
depicts the percentage relative abundance plotted against m/z values between 150 and 1500. The peak 
m/z 780.4 was identified as the molecular ion peak and three daughter ions at m/z 663, m/z 618.4 and 
m/z 391.0 result from the loss of choline and Phosphorous moieties and the fragmentations of the 
linolenic acid. 
2.1.2 Glycosyldiacylglycerolipids 
Previous analysis reported the presence of glycosylglycerides in Banana but 
these compounds have not been fully characterized (Aghofack-Nguemezi and 
Manka`abiengwa 2012); Blackbourn et al. 1990). Galactosyl-glucosyl-
diacylglycerol (GGDG) (O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-L-
diacyl-glycerol was isolated in fraction 4 of a preparative HPLC-reverse phase 
RP-18 system which came from the fraction 7 of HSCCC separation of Baby 
Banana peels (Figure 2-2). The compound was pure in fraction 4 and gave only 
one band in the TLC screening of the RP-18 preparative HPLC. 1 mg of GGD 
was sufficient to elucidate the structure by 1D/2D NMR experiments. The rele-
vant correlations are summarized in Table 2-3. 
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Table 2-3. 1H-NMR and 13C-NMR spectroscopic data of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-
diacyl-L-glycerol-GGDG and assignment of resonances in the 600 MHz 1H-NMR and 150 MHz 13C-NMR in 
CD3OD. The full assignments of the structures were based on 2D experiments and literature data 




















































4.1 a-4.3 b  
5.15 
3.62 a-3.88 b 
 
2.1.2.1 O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-glycerol (GGDG) 
The GGDG showed in the 1H and 13C NMR spectra two anomeric signals at δ 
4.14/105.35 for a single βGlup unit and at δ 4.7/100.63 for a single αGalp unit. 
HMBC examination gave useful information for the 1H and 13C NMR assign-
ments, and confirmed signals that correspond to a glycerol, to an O-
substituted C-6’ of β-Glup unit (δ 67.8) and a non-substituted C-6’’ signal at δ 
62.87 belonging to αGalp. Characteristic coupling constants afforded the con-
figuration of the glycosidic bonds: 3J1’’-2’’= 3.8 Hz for the anomer H-1’’ (δ 4.7), 
together with 13C chemical shift (δ 100.63), indicated the α-galactopyranosidic 
linkage to the aglycone moiety, and a value of 3J 1’-2’ = 7.0 Hz for the anomeric 
H-1’ (δ 4.14) with HSQC correlation 13C chemical shift (δ 105.35) and relevant 
chemical shift data identified the unit of the β-glucopyranoside (Hansen 1981; 
Hansen et al. 1981)  
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The combined use of homonuclear and heteronuclear two-dimensional NMR 
has provided support to establish the arrangement of substituents in the struc-
tures, according to the determination of the 1H-1H coupling constants, and in 
addition of COSY and NOESY observations of the resonances. Vicinal, geminal 
and long distance coupling for glucose and galactose structures were assigned 
and summarized in Table 2-4. 
 
 
Figure 2-9. Structure relevant long-range HC-correlation in the HMBC of O-α-D-Galp (1’’→ 6’)- O-β-D-
Glup (1’→ 3)- 2, 1-diacyl-L-glycerol. (A) Glucose HMBC; (B) Galactose HMBC. 
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The application of the COSY and NOESY technique in spectral assignments 
demonstrated the power of the technique to illustrate the assignments of the 
substituents and also confirmed that the lower sugar unit was glucose. Figure 
2-10 shows the coupling information contained in the spectrum. The 1H-1H 
connectivities in the homonuclear chemical shift correlation spectrum (COSY) 
allowed a straightforward assignment of the proton resonances. 
Table 2-4. COSY correlations of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-glycerol. 
Glucose (A)  
Methanol-d4 99, 96% 
1H(ppm) J=Hz 
Galactose(B) terminal sugar moiety  
Methanol-d4 99, 96% 
1H (ppm) J=Hz 
H’-
1 
4.14 (dd, 1H, 4J1-Sn3-Hb= 3.0 Hz 3J 




4.75 (d, 1H, 3J1’’-2’’=3.8 Hz) 
H’-
2 
 3.41 (dd, 1H, 3J2’-1’ =7.3 Hz, 3J2’-3’ 
= 9.8 Hz) 
H’’-
2  












3.77 (dd, 1H, 4J4’-6’Ha’ =1.0 Hz, 4J4’-
5’ 3.2 Hz 
H’’-
4 






3.75 (m, 1H) 
H’-
6a 
3.58 (d,1H, 2JH6a’-6Hb’=6.9 Hz,  H’’-
6a 




3.8 (d,1H, 2J H6b’-6Ha’= 6.2 Hz,  H’’-
6b 
3.61 (m, 1H) 
 
 
The COSY correlation between H’-1 and H’-2 with a vicinal coupling constant 3J 
1’-2’= 7.0 Hz confirms how the βGlu trans-arrangement is supported by the 
coupling constant of H’-2, whose values match the vicinal coupling 3J2’-1’ =7.3 
Hz and 3J2’-3’ = 9.8 Hz. In addition, the COSY correlations between H’-3 and H’-
4 can be reflected by the vicinal coupling of H’-3, 3J3’-4’ =9.6 Hz, which shows a 
trans-arrangement between H’3 and H’4. Moreover, the axial position of H’4 
and the confirmation of the glucose pyranose as the sugar moiety  
connected to the glycerol moiety could be demonstrated (Iida-Tanaka et al. 
2002; Inagaki et al. 1987). The meaningfully information of the COSY correla-
tion and the coupling constants are illustrated (Figure 2-11; Table 2-4).  





Figure 2-10. Structure relevant correlation in the COSY of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 
1-diacyl-L-glycerol in CD3OD. (A) Glucose COSY; (B) Galactose COSY. 
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Figure 2-11. The 600 MHz COSY spectrum of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-
glycerol in CD3OD. 
 
The cis-arrangements of two adjacent protons in position C’’-3 and C’’-4 are 
depicted by the coupling constant of H’’3 which corresponds to (dd) 3J3’’-4’’=2.7 
Hz, 3J3’’-5’’=3.9 Hz) where the vicinal coupling 3J3’’-4’’= 2.7 Hz shows a typical 
equatorial arrangement. Likewise, the value of coupling constant 2.7 Hz is 
found in the result of coupling constant calculation for H’’-4, which supports 
the equatorial arrangements for the H’’-4. Thus, the COSY correlation evidenc-
es the coupling constants calculation for the terminal sugar moiety in the 
structure and therefore it is possible to conclude that a galactosyl pyranose 
could correspond to the terminal sugar moiety in the structure (Figure 2-11; Ta-
ble 2-4). 
The stereochemistry O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-
glycerol was determined through 600 MHz 2D NOESY experiments and played 
a crucial role in defining relationships among those molecules which share 
close proximity. Figure 2-12 shows a close proximity between C’’-4 and C’’-3 
with C’-4, which supports the arrangement of the substituents, thus proving 
the lower sugar moiety to be Glup and the upper to be Galp.  
2.  RESULTS AND DISCUSSION 
 44 
Observation of strong NOEs resonances (Figure 2-12) of Galp between protons 
H’’-4’’-5’’-3’’-2’’, clearly indicated that all interfering protons are located on the 
same side of the cyclohexane plane. Similarly, the NOEs effect from H’-5 (δ 
3.638) and H’-4 (δ 3.77) linked to Galp — with the protons H’’ 3-4-5 from Glup 
— supports the spatial proximity between protons and also between the sugars 
besides their stereochemistry. It is relevant that NOE enhancements from H’-5 
(δ 3.638) belong to Glup and are related to the majority of protons coming 
from Glup and Galp. This indicates that the free rotation of the ring could be 
restricted and that it is occupying a fixed position related to the Glup sugar. 
The close proximity among the nuclear protons from glycerol moiety with H’’1 
and H’1-2, in Glup and Galp respectively, illustrates how these protons share 
close proximity.  
 
Figure 2-12. The 600 MHz 2D NOESY spectrum of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-
L-glycerol in CD3OD with relevant enhancements used to define the stereochemistry of the molecule.  
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The L-glycerol molecule was established in the GGDG as part of HMBC experi-
ments whose results stated the multiple-bond correlation 3 of the glycerol 
moiety, in the right side of the GGDG molecule, between C-1, C-2 and C-3 
(Figure 2-13). It is evident now that the fatty acid linked to the chiral center of 
the glycerol moiety is pointing to the left. Hence, the top carbon of the glycerol 
is then denoted C-1. 
The 13C NMR spectrum showed two lipid signals at δ 14.44 and δ 14.69, as well 
as ester carbonyl signals at δ 175.08 and δ 174.72. Lipids containing double 
bonds were indicated by three signals in a range between δ 128.29-129.24 and 
three signals between δ 130.76-132.73. Moreover, the HMBC spectrum cor-
roborated the linkage of δ 175.08 and δ 174.72 signals at the C-1, C-2, re-
spectively, of the glycerol moiety. The DEPT and 13C NMR experiments enabled 
the complete determination of the -CH2 chain carbons of the allylic region with 
signals of CH2 from δ 21.54 to δ 36.50, with predominancy at 26.46 corre-
sponding to C-11 and linked to the fatty acids. With these NMR results, the 
structures of the fatty esters are linolenic (18:3∆ 9, 12, 15) and palmitic acid 
(16:0) (Table 2-5). 






Figure 2-13. Relevant NOEs enhancements used to define the stereochemistry of O-α-D-Galp (1’’→ 6’)- 
O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-glycerol in CD3OD (A) Glucose NOESY (B) Galactose NOESY. 
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Table 2-5. 1H-NMR and 13C-NMR spectroscopic data of ω-3 linolenic acid (18:3 ∆9, 12, 15) and palmitic 
acid (16:0) as part of the structure of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-glycerol 
(GGDG) and assignment of resonances in the 600 MHz 1H-NMR and 150 MHz 13C-NMR measured in 
CD3OD. The full assignments of the structures were based on 2D experiments and literature data 
(Sassaki et al. 1999; Gunstone 1990; Zamora et al. 2002; Vlahov 2009). 
LINOLENIC ACID 
Assignment 





































































































In order to complement the compositional analysis of fatty acid and their 
chemical structure, a diluted sample was used for the methanolysis and an 
analysis was carried out by means of gas chromatography–MS of the methyl 
esters (c.f 4.3.3.1). The mass spectrum confirmed the occurrence of methyl 
linolenolate as the majority peak m/z 292, and in a lower proportion, the pres-
ence of methyl palmitoleate at m/z 270. The incidence of a small peak could be 
explained as a glycerol moiety (Figure 2-14). 




Figure 2-14. GC-MS chromatogram and mass spectrum from the acyl moiety from O-α-D-Galp (1’’→ 6’)- 
O-β-D-Glup (1’→ 3)-2, 1-diacyl-L-glycerol after the derivatization. The resulting methyl ester derivatives 
corresponded to a linolenic acid (m/z 292) and to a palmitic acid (m/z 270), and retention times of 45.32 
and 36.07 min, respectively. The chromatogram of the methyl ester derivatives depicted the occurrence 
of few other peaks possibly corresponding to oleic and linoleic acids in low proportion. 
For sensitive detection of the of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 
1-L-diacyl-glycerol, atmospheric pressure chemical ionization mass spectrosco-
py (LC-APCI-MS) is operated in positive mode in accordance with the condi-
tions described (c.f 4.2.2). The LC-APCI-MS spectrum emitted abundant and 
complex signals with Na+ adduct [M+Na].+ and fragment ions at m/z 613, cor-
responding to diacylglycerol moiety [CH2(OCOR1)CH(OCOR2)CH2OH2OH2].+, as 
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well as at m/z 335 corresponding to monoacylglycerol moiety 
[CH2(OCOR1)CH(OH)CH2].+ in agreement with literature data (Yamauchi et al. 
2001, Yamauchi 2005). 
The APCI–MS data shows two linolenic acids in the acyl moiety as a prominent 
daughter ion at m/z 613 (100% percentage relative intensity) and its fragmen-
tation at m/z 522 [R1]+ . [R2 ]+ corresponding to two molecules of linolenic acid 
2[M]+-H2O. The sugar moieties fragmentation is depicted at m/z 423 by means 
of two sugars in addition to glycerol, and the addition of a low mass fragment 
at m/z 198 which could be represented as a sugar moiety [M]+-H2O  
(Figure 2-5). 
A daughter peak at m/z 683 (47.90% percentage of relative intensity) could be 
the result of the loss of a palmitoyl group at m/z 236, in that case the precur-
sor ion at m/z 942 could be detected, this is because the ion extraction does 
not happen in the current spectrum (Benning et al. 1995). Table 2-6 and Figure 
2-15a-b summarize the APCI-MS analysis of the O-α-D-Galp (1’’→ 6’)-O-β-D-
Glup (1’→ 3)-2, 1-L-diacyl- glycerol (GGDG) being in agreement with literature 
data (Yamauchi et al. 2001, Yamauchi 2005; Benning et al. 1995; Holcapek et 
al. 2003). 
Table 2-6. APCI-MS data of O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)-2, 1 -L-diacyl- glycerol (GGDG) 
separated by Reversed-Phase HPLC and the prominent daughter ions representing the GGDG in the 
spectrum according to literature data (Yamauchi et al. 2001, Yamauchi 2005; Benning et al. 1995; 
Holcapek et al. 2003). 





Diacylglycerolmoiety [CH2(OCOR1)CH(OCOR2)CH2OH2OH2].+ 613 
Monoacylglycerol [CH2(OCOR1)CH(OH)CH2].+,  335 




[R1] and [R2]-H2O [R1-2] Linolenic acid  522 
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Figure 2-15 a. Proposed fragmentation for O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)-2, 1 -L-diacyl- 
glycerol (GGDG) based on HPLC-APCI-MS. 
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Figure 2-15 b. The mass spectra for O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)-2, 1 -L-diacyl- glycerol 
(GGDG) by HPLC-APCI-MS and the proposed fragmentation schema with 18:3/18:3 linolenic acid as acyl 
moieties (Yamauchi et al. 2001; Yamauchi 2005; Benning et al. 1995) (Figure 2-15a). 
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The results obtained with different methods like gas chromatography-MS and 
APCI-MS, could explain the occurrence of both linolenic and palmitic fatty acids 
and support the presence of lower traces of linoleic and oleic acids. The APCI-
MS chromatogram depicts a prominent peak, two minor minor peaks, and 
three minor peaks between 10.9 and 11.3 min. However, the result of both 
methods indicated that linolenic fatty acid species were predominant in the 
digalactosyl-glucosylglycerol in fraction 4. The total ion APCI –MS chromato-
gram matches literature data (Yamauchi et al. 2001, Yamauchi 2005).  
Although the result of mass spectrometry (APCI-MS) may be seen in contradic-
tion with the NMR spectrum, specifically related to the acyl moiety, the sensi-
tivity and accuracy of NMR 1D/2D procedures detected the existence of two 
type of methyl signals at δ 14.44 and δ 14.71 derived from palmitic and lino-
lenic acid respectively. Nevertheless, the predominance of linolenic acid as 
main species in the structure is indicated in the spectrum since the chemical 
shift at δ 0.87 from linolenic acid has a higher intensity in comparison with the 
chemical shift at δ 0.8 from palmitic acid. It is also remarkable that the linolen-
ic acid resonance split into two smooth signals at the bottom of the peaks  
(Figure 2-16). 
  
Figure 2-16. The identification of resonances corresponding to methyl signals at δ 14.44/0.80 and δ 
14.71/0.87 ppm from palmitic and linolenic acid, respectively, in the 1H spectrum of O-α-D-Galp (1’’→ 
6’)- O-β-D-Glup (1’→ 3)-2, 1 -L-diacyl-glycerol (GGDG) in fraction 4. 
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The 2/D NOESY and COSY spectra were used to define the stereochemistry of 
the linolenic acids in the GGDG. Relevant assignments show an omega-3 lino-
lenic acid with cis-double bonds (18:3∆9, 12, 15) and a palmitic acid (16:0).  
The NOEs resonances of the linolenic acid bond to C-2 Gly confirm the orienta-
tion of the structure with a skew because H-11 has multiple resonances as-
signments with glucose and galactose molecules. Likewise, the palmitic acid 
bond to C-1 Gly shows NOESY enhancements between H-16 with H-3; Hb-1-
Gly, respectively (Figure 2-17). 
 
 
Figure 2-17. Relevant NOEs enhancements used to define the stereochemistry of ω-3 linolenic acid and 
palmitic acid in the GGDG structure.(Above) Linolenic acid-C-2 Glycerol and palmitic acid-C-1-Glycerol 
NOEs enhancements. (Below) Relevant NOEs enhancements of H-11 from linolenic acid-C-2-Glycerol. 
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The tentative arrangement of the two fatty acids after the 1D/2D NMR analysis 
of the of O-α-D-Galp (1’’→ 6’)-O-β-D-Glup (1’→ 3)-2-linolenoyl-1-palmitoyl-L-
glycerol is illustrated in Figure 2-18. 
 
Figure 2-18. Possible arrangement of the substituents in O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→3)-2-
linoleyl, 1-palmitoyl-L-glycerol according to 2D NOESY and COSY spectra. 
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2.1.2.2 O-β-D-Galp(1’’’-3)-2, 1 diacyl-L-glycerol (MGDG) 
Monoglucosyl diacylglycerol (MGDG) (O-β-D-Galp(1’’’-3)-2, 1-diacyl-L-gly-
cerol) was isolated in fraction 6 of a preparative HPLC-reversed phase RP-18 
system. The RP-18 TLC plate showed a broad band in fraction 6 that contained 
5.8 mg of both MGDG and GGDG. The GGDG has been identified previously in 
fraction 4 (cf. 2.1.2.1). Structural elucidation of these glycosyldiacylglycer-
olipids was performed by heteronuclear NMR correlation HSQC, HMBC, COSY 
and NOESY, that corroborated the glycosidic linkages of sugars as well lipids 
and glycerol signals (Table 2-7). 
1H and 13C NMR spectra from compound MGDG showed one signal in the C1 
region corresponding to a single Galp unit in the β-glycosidic configuration at a 
low field (δ 105.39), and displayed a typical H-1 of dublet signal at δ 4.12, 
with a coupling constant of 3J1-2=7.2 Hz (Hansen 1981). NOESY and COSY 
spectra allowed the assignment of proton signals; DEPT and HMBC spectrum 
were used for assigning 13C NMR signals. Once it was known that a β-Galp unit 
was linked (1’’’ 3) to glycerol, C-2’’’ to C-6’’’, H-2’’’ to H-6’’’ of β-Galp, and C-
1 to C-2 of glycerol could be assigned. The DEPT NMR spectrum showed in-
verted CH2 signals in the carbohydrate region at δ 62.48, which corresponded 
to C-6’’’ of Galp’’’ unit, indicating that its carbon was not O-substituted and 
that those at δ 68.74, δ 71.82 and δ 63.97, respectively, arise from C-3 
(downfield O-glycosylation), C-2, and C-1 of glycerol moiety (Figure 2-19). 
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By means of a heteronuclear single–quantum correlation (HSQC) and the cor-
relation coupling homonuclear spins (COSY), the experiments identified the 
occurrence of an extra glycerol molecule (MGDG) due to the presence of dou-
ble shift signals at δ 71.79-71.82, corresponding to C-2, Gly’ (GGDG) and C-2, 
Gly’’’ (MDGD) respectively. Likewise, a triplet resonance with an overlapped 
peak in 1H spectrum was detected at δ 4.33-4.34 and corresponds to Hb’- Hb’’’’ 
in the methylene C-1Gly’ and C-1Gly’’’ at δ 63.97 (Figure 2-20). The resonance 
in HSQC represents the relationship with partner protons Ha-2’- Ha-2’’’ and 
also a relationship with the methine (CH) singlet from C-2, Gly’’’-Gly’.  
The signal at δ 68.74 from C-3’- C3’’’Gly shows a resonance with δ 3.83-3.88 
as a double doublet (dd) which represents the interaction between Hb’-Hb’’’ 
from GGDG (Figure 2-20). Besides, relevant signals in the HSQC spectrum were 
identified in the assignments of C1’’’-C6’’’ and H1’’’-H6’’’ in the MDGD (Figure 2-
20). 
The results of the 2D experiment analysis with HMBC, COSY and NOESY pro-
vided assignment for MGDG, with significant differences when compared with 
GGDG. Table 2-7 illustrates the assignments of both glycolipid occurrences in 
the fraction 6 of the preparative RP-18 and these GGDG results are in accord-
ance with the O-α-D-Galp (1’’→ 6’)-O-β-D-Glup (1’→ 3)-2, 1-dilinoleyl-L-
glycerol, isolated from fraction 4.  
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Figure 2-20. The HSQC long-range correlation spectrum shows the relevant resonances of the structure 
(1) O-β-D-Galp(1’’’-3)-2, 1 diacyl-L-glycerol (MGDG) such as the signals of C-2’-2’’’ Gly 71.79 and 71.82, 
respectively (upper left); C-1’-1’’’ Gly 63.97 overlapped peak (upper right) and C-3’’’gly into the 
spectrum (The assignments from C-1’’’ to C-6’’’ are pointed with red circles). 
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Table 2-7. 1H-NMR and 13C-NMR spectroscopic data of O-ß-D-Galp (1’’’→ 3)-2, 1-diacyl-L-glycerol-MGDG 
and the O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-glycerol assignment of resonances in 
the 600 MHz 1H-NMR and 150 MHz 13C-NMR in CD3OD. The full assignments of the structures were based 
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The coupling constants in the structure β-D-Galp (1’’’→3)-2,1-diacyl-L-gly-
cerol (MGDG) were calculated with 1H spectrum, COSY and NOESY resonances, 
in order to confirm the conformation and the arrangement of the substituents. 
According to the results, the couplings between the protons support the CIS 
arrangements to the extent that the majority of the coupling constant values 
are between 0.9 and 4.0 Hz with the exceptions of H’’’-1, 3J1’’’-2’’’=7.5 Hz; H’’’ 2, 
3J2’’’-3’’’=11.8 Hz and H’’’-4, 3J4’’’-6’’’=6.7 Hz’’ (Table 2-8). 
The application of COSY and NOESY experiments support the position of the 
substitutes in the structure and clearly indicated that the majority of interfer-
ing protons are located on the same side of the cyclohexane plane. This implies 
an equatorial orientation for C’’’- 4 and C’’’5 meaning that the H’’’-4 is  
arranged as equatorial in the same way that the enhancements in NOEs illus-
trate the interaction of H’’’-4 with all the adjacent protons. Figure 2-21 shows 
the NOEs enhancements between the protons in the molecule of β-D-Galp 
(1’’’→ 3)-2,1-diacyl-L-glycerol and depicts an approximation about the stereo-
chemistry of the molecule.  
Table 2-8. 1H-NMR chemical shift and coupling constants for O-β-D-Galp (1’’’-3)-2,  
1 diacyl-L-glycerol (MGDG). 
Glucose-(A) Methanol-d4 99, 96% 
H’’’-1 4.12(1H.d, 3J1’’’-2’’’=7.5 Hz) 
H’’’-2 3.35 (dd, 1H, 6J2’’’-6’’’=2.0 Hz, 3J2’’’-3’’’=11.8 Hz) 
H’’’-3 3.72 (dd, 1H, 4J3’’’-5’’’=0.9 Hz, 3J3’’’-4’’’=3.3 Hz) 
H’’’-4 3.41 (dd, 1H, 3J4’’’-5’’’=1.2 Hz, 4J4’’’-6’’’=6.7 Hz) 
H’’’-5 3.38 (1H, m) 
H’’’-6a 3.62 (1H, d, 2J H6a’’’-6Hb’’’=3.9) 
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Figure 2-21. Relevant NOEs enhancements used to define the stereochemistry of the β-D-Galp (1’’’→ 3)- 
2, 1-diacyl-L-glycerol in fraction 6 of the preparative RP-18 –HPLC separation from fraction 7 of HSCCC in 
Baby Banana peels. 
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The acyl glycerol moiety was defined through 13C spectrum, HSQC, and HMBC 
experiments. Additional support was obtained by a linoleic acid standard, al-
ready isolated in this current research. According to the NMR spectrum, four 
ester carbonyl signals were detected at δ 175.83, δ 175.04, δ 174.74, and δ 
174.72, and four methyl signals at δ 14.72, δ 14.48, δ 14.46 and δ 14.26 were 
useful to determinate the occurrence of four fatty acids. Complementary in-
formation using the HSQC and HMBC experiments indicated the coupling be-
tween the sn-1 glycerol 1H signal at δ 4.3-4.1 with 13C signals at δ 175.83, δ 
175.04 and the sn-2 glycerol 1H at δ 5.1. 
The olefinic region shows 13C chemical shifts resonances in a range between 
128.27 and 132.76 with the result that two clusters of intensities are grouped. 
The first cluster displayed six strong signals (δ 132.76, δ 131.08, δ 130.98, δ 
129.23, δ 128.92, δ 128.27); the second cluster had eight signals of middle 
intensities (δ 130.98, δ 130.93, δ 130.89, δ 130.87, δ 129.17, δ 129.11, δ 
129.09, δ 129.07). The HSQC experiment provides the meaning of the groups 
as a result of the enhanced correlations of the olefinic carbons with two proton 
cluster of strong and medium signal at δ 5.28; δ 5.24 for the first cluster and 
at δ 5.21 and δ 5.24 overlapped medium enhancements for the second cluster. 
The significance of a correlation between both proton and 13C chemical shifts 
resonances evidenced the presence of double bonds and also a relationship 
with the number of carbons for each group, thus corroborating the fact that 
the first cluster with six carbons belongs to the three double bonds fatty acid 
(ω-3) and the second cluster with eight carbons to the two fatty acids, each 
one of those provided with two double bonds (ω-6). 
Lipid signals in the 13C spectrum from 21.51 to 34.99 ppm of CH2, with a  
predominant one at δ 26.58, were detected and in concordance to the HSQC 
correlation experiment, the CH2 carbons were grouped in four clusters, accord-
ing to its resonances, with the chemical shift of 1H protons at δ 1.98, δ 1.21, δ 
1.23 and δ 1.19. Consequently, the range between δ 1.19 and δ 1.23 chemical 
shift of 1H showed a significant enhancement with CH2 between δ 30.35 and δ 
30.65 which corresponded to CH2 range between CH2-4 to 7 from  
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linolenic and linoleic acid, as well as the range between CH2-5 and 12 from 
palmitic acid. 
An unusual 13C chemical shift of CH2 at δ 21.51 was noted, with a resonance at 
δ 1.98 proton signal, besides a strong and unusual HMBC enhancement be-
tween carbon atom at δ 132.76, with δ 0.87 proton signal. This HSQC reso-
nance corresponds to C-18 (14.72 ppm). These unusual results confirm the 
occurrence of a linolenic acid as a fatty acid in the acyl moiety, due to that it is 
a standard characteristic of any ω-3 linolenic acid holding of a C-17 with a 13C 
chemical shift near 21.5 ppm. Moreover, a HMBC resonance 13C chemical shift 
at δ 132.76 with C-16 supports the ω-3 conformation of the linolenic acid. The 
NMR data is in accordance to published references (Gunstone 1990; Sobolev et 
al. 2005; Hatzakis et al. 2011). 
The 13C chemical shift at C-18 splitted into two signals at δ 14.48 and δ 14.46 
that depicts a strong resonance with proton signal at δ 0.80, whilst C-18 at δ 
14.72 is represented as a unique peak and shows a HSQC resonance at δ 0.87. 
The coupling constant at δ 0.80 provided a relevant information about the oc-
currence of more than one carbon (δ 14.48 and 14.46) derived from the dou-
blet of a triplet (td) with J=6.7 Hz and J=13.1 Hz. In contrast, the coupling 
constant at δ 0.87 result is a triplet (t) J=7.5 Hz. The relevant information co-
incides with the occurrence of two ω-6 linoleic acids and one ω-3 linolenic acid 
in the acyl moiety. A 13C chemical shift at δ 14.12 with a low intensity shows a 
HSQC resonance with proton signal at 0.80 and it may support the occurrence 
of palmitic acid. Table 2-9 summarizes the 1H- and 13C-NMR spectroscopic 
chemical shift of the unsaturated fatty acids in fraction 6 (Figure 2-22).  
In spite of the chemical shift of the linoleic acids which appear near each other, 
the assignment was clearly elucidated due to the appropriate reproducibility of 
the assignment between the fatty acids during the elucidation experiment  
using 1D/2D NMR. An example illustrates it in the 13C spectrum C-1 (A) and  
C-2 (B) in each of the fatty acid in this following sequence: linolenic, linoleic, 
and palmitic acids (Figure 2-22). 
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Figure 2-22. 13C chemical shift resonances corresponding to C-1 (A) and C-2 (B) of the linolenic acid (Ln), 
linoleic acid (L) and palmitic acid (P) to illustrate as the sequence of the distance was constant during the 
1D/2D NMR experiments. 
The 1D/2D NMR experiments proved to be a powerful multinuclear technique 
able to determine in qualitative manner the full pattern of the complex struc-
ture in the fraction 6. Equally by comparing the NMR spectrum of fraction 4 
and fraction 6, concerning the region of acyl moieties, it was possible to con-
firm that two new fatty acid resonances occurring in the spectrum could corre-
spond to two linoleic acid linkages to the O-β-D-Galp(1’’’-3)-2, 1 diacyl-L-
glycerol (MGDG). The linolenic and palmitic acid would correspond to the struc-
ture previously elucidated as O-α-D-Galp (1’’→6’)- O-β-D-Glup (1’→3)- 2, 1-
diacyl-L-glycerol (GGDG) in fraction 4 (Table 2-9). 
In spite that two glycolipids (GGDG and MGDG) have been found in fraction 6, 
the elucidation was possible because the MGDG signals are not overlapped 
with the GGDG resonances. The absence of an additional signal from C-1 at a 
low field, with a typical high-field H-1 signal at δ 4.0, excluded an additional 
glycosidic bond from the GGDG with a third sugar terminal moiety. Instead, 
the HMBC, NOESY and COSY experiments showed the linkage between the 
MGDG and the glycerol moiety (Figure 2-23).  
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Table 2-9. 1H-NMR and 13C-NMR spectroscopic data of ω-3 linolenic acid, two ω-6 linoleic acids and 
palmitic acid assignment of resonances in the 600 MHz 1H-NMR and 150 MHz 13C-NMR in CD3OD. The full 
assignments of the structures were based on literature data (Gunstone 1990; Sobolev et al. 2005; 
Hatzakis et al. 2011). 
Assignments δ1H (ppm) 
 
Multiplicity J/ Hz δ13C (ppm) 
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*Linoleic fatty acids bonded to C-1,C-2 of glycerol in MDGD. 
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In order to complement the compositional analysis of fatty acid and their 
chemical structure, a dilution of the sample was used for the methanolyzation 
and then the analysis by means of gas chromatography –MS of the methyl es-
ters was carried out (cf. 4.3.3.1). The mass spectrum confirms the occurrence 
of the methyl linolenoate at m/z 292 (45.33 min) methyl linoleate at m/z 294 
(43.45 min) and methyl palmitate at m/z 270 (36.4 min). 
Figure 2-23. GC-MS chromatogram and mass spectrum from the acyl moiety from O-α-D-Galp (1’’→ 6’)- 
O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-glycerol (GGDG) and O-β-D-Galp(1’’’-3)-2, 1 diacyl-L-glycerol (MGDG) 
after the derivatization in fraction 6. The resulting methyl ester derivatives corresponded to methyl 
linolenoate, methyl linoleate and methyl palmitate. The occurring of the small peak could be linked to the 
glycerol moiety. 
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By comparing the NMR spectra with the results in GC-MS analysis between 
fraction 4 (GGDG) and fraction 6 (GGDG and MGDG), it is possible to deduce 
that the acyl moieties of each of the fractions are different. Fraction 4 (GGDG) 
showed a linolenic acid (18:3) as a prominent peak and a low intensity of pal-
mitic acid (16:0), whereas in fraction 6 (GGDG and MGDG) linoleic acid (18:2) 
is present. Furthermore a medium intensity peak that corresponds to linoleic 
acid (18:2), and a high intensity peak of palmitic acid is observed. Additionally, 
a detailed analysis of HMBC, COSY and NOESY was carried out in order to pro-
pose that the MGDG in fraction 6 could be linked to the pair of linoleic acids 
(18:2) and that the GGDG obviously contains the same acyl moiety already 
elucidated in fraction 4 (Table 2-10). 
Table 2-10. APCI-MS data of GGDG and MGDG in fraction 6. 
 ION PEAK (A) 
(R.T.15.2 min) (m/z) 
GGDG 
PEAK (B) 














Acyl moiety (18:3 /18:3) 
[R1]  








Nevertheless, in contrast with the NMR elucidation of the acyl moiety already 
proposed above, the LC-APCI-MS data of compounds in fraction 6 exhibited 
complex fragmentations related to the acyl region compounded of diacylglyc-
erol and monoacylglycerol moieties. It has been very difficult to recognize the 
fragmentation of MGDG in the spectrum.  
In any case, it was possible to identify the fragmentation corresponding to one 
sugar moiety, in addition to the already recognized daughter ion at m/z 423, 
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identified as the fragment consisting of two sugars and a glycerol moiety in 
fraction 4 (GGDG).  
However, in spite of the abundant signals in the spectrum, two relevant peaks 
were identified in the total ion chromatogram from fraction 6 (GGDG, MGDG) 
with retention times of 15.2 and 17.1 min respectively. According to literature 
data, the ions in fraction 6 (GGDG, MGDG) are identified as follows: a) one 
prominent ion at m/z 613 at the retention time of 15.2 min corresponding to a 
diacylglycerol moiety [CH2(OCOR1)CH(OCOR2)CH2OH2].+; b) the intense frag-
ment at m/z 335 of the monoacylglycerol moiety [CH2(OCOR1)CH(OH)CH2].+; 
c) the fatty acid moiety [R1].+; d) [R2].+ at m/z 261 and e) m/z 261 of two 
linolenic acids represented at m/z 521, which suggested that this fragmenta-
tion should correspond to the GGDG previously described in fraction 4. Recip-
rocally, the peak in the total chromatogram with a retention time of 17.1 min 
yields two prominent daughter ions at m/z 591 and m/z 573, which could re-
sult from the loss of a 2 linoleoyl group, as their corresponding free acid 
(RCOOH) according to the literature (Figure 2-24).  
The analysis of the APCI-MS data from fraction 6 is summarized (Table 2-10) 
whereas the pseudomolecular ions at m/z 973 and m/z 758 do not exist in the 
spectrum of fraction 6; the prominent daughter ions have been recognized as a 
product derived from the loss of acyl moieties (Yamauchi et al. 2001; Yamau-
chi 2005; Klein 1971; Benning et al. 1995).  




Figure 2-24. APCI-MS spectra for O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)- 2, 1-diacyl-L-glycerol 
(GGDG) (above) and O-β-D-Galp(1’’’-3)-2, 1 diacyl-L-glycerol (MGDG) in fraction 6 (below). 
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2.1.2.3 Compositional analysis of the glycolipid GGDG and MGDG 
To characterize the fatty acid composition of GGDG a transmethylation reaction 
was performed and the resulting fatty acid methylesters were analysed by gas 
chromatography (cf. 4.3.3.2). These results have already been described above. 
In order to precise the complex fragmentation from the glycolipids by means of 
the HPLC-APCI-MS method, the sugar moiety residue yield from the trans-
methylation reaction was analysed by ESI-MS. Thus, fraction 4 and fraction 6, 
sugar moieties were introduced directly via a syringe at a flow of 200 µL/h ac-
cording to the literature data (Adden et al. 2006; Tüting et al. 2004; Voiges et 
al. 2012). 
The analysis of the fragmentation pathways of GGDG by means of electrospray 
ionisation-mass spectrometry/collision induced dissociation (ESI-MS, positive 
mode) from GGDG showed a precursor ion at m/z 439 exhibiting the Na+ ad-
duct [M+Na]+ which yields one prominent daughter ion at m/z 276.9 that re-
sults from the loss of a sugar moiety. A second daughter ion at m/z 184.9 re-
sults from the fragmentation between the glycerol and the sugar in the bottom 
position. The spectra displayed consistent data which are in line with the eluci-
dation of the structure by NMR experiments. The illustration of the fragmenta-
tion pattern and mass spectrum of GGDG is depicted in Figure 2-25. 
Although HPLC-APCI-MS analysis enables a direct identification of the galacto-
lipid —avoiding both collection of the separated fraction and analysis of the fat-
ty acids by means of GLC — the total ion chromatogram from APCI-MS showed 
a different pattern of peaks. In comparison with APCI-MS, the ESI-MS results 
show clearly the fragmentation of the sugar moieties and the glycerol but not 
the occurrence of fatty acids (Figure 2-25). 
APCI-MS data cannot define which fatty acid is linked to the sn-position of the 
glycerol moiety. Without the NMR data and ESI-MS, or the GLC technique, it 
would have been very difficult to confirm the structure of the glycolipids in 
fraction 4 and fraction 6.  
 





Figure 2-25. Summary of the fragment ions observed for O-α-D-Galp (1’’→ 6’)- O-β-D-Glup  
(1’→ 3)- 2, 1-diacyl-L-glycerol (GGDG) by means ESI-MS and a proposed fragmentation. 
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In order to identify the glucose and galactose as carbohydrate constituents of 
GGDG and MGDG the alditol acetate method as a common procedure for sugar 
analysis was applied. Once the hydrolysis and reduction of the GGDG was per-
formed to obtain glucitol derivatives, a basic acetylation was applied with pyri-
dine and acetic anhydride. Later, the products were extracted with dichloro-
methane and the alditolacetate derivatives were obtained by means of a liquid-
liquid separation. The alditols derivatives were analysed by means of GLC-FID 
(Voiges et al. 2012; Unterieser and Mischnick 2011). 
The occurrence of glucose and galactose was confirmed when their alditol de-
rivatives were evaluated by comparison of the retention time from the gas 
chromatograms of alditols derivatives, glucose and galactose standards as well 
as co-injection. The gas chromatogram of glucose standard from a methyl cel-
lulose depicted a retention time of 12.1 min whilst for the galactose standard 
the retention time was 12.25 min. 
When GGDG was analysed the occurrence of two relevant peaks was observed 
in the gas chromatogram with retention times equivalent to glucose and galac-
tose in comparison with the standards. This was confirmed by co-injection. 
Taking into account possible sugar-specific or linkage-dependent hydrolysis,  
or derivation of the head group sugars during the preparation of alditol ace-
tates favouring the formation of galactitol over glucitol, the result is considered 
in agreement with the glucosylgalactosyl diacylglycerol structure of GGDG (Fig-
ures 2-26, 2-27). 
The partially methylated GGDG glucitol and galactitol acetates were analysed 
by GC-MS and comparison of the retention times and mass spectra with au-
thentic standards supported the occurrence of glucose and galactose in the 
GGDG (Figure 2-28).  
 




Figure 2-26. Gas chromatogram of alditol acetates of glucose standard from methyl cellulose, GGDG and 
their co-injection. Comparison in separated chromatograms (above) and comparison between the reten-
tion times where the chromatograms are overlapped (below). 
 
 





Figure 2-27. Gas chromatogram of alditol acetates of galactose standard, GGDG and their co-injection. 
Comparison in separated chromatograms (above) and comparison between retention times where the 
chromatograms are overlapped (below). 
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Figure 2-28. Total ion chromatogram from O-α-D-Galp (1’’→ 6’)- O-β-D-Glup  
(1’→ 3)- 2, 1-diacyl-L-glycerol (GGDG) by GCL-MS from alditol acetate GGDG. 
2.1.2.4 Summary  
Chloroplast membranes contain high amounts of galactolipids, i.e. monogalac-
tosyldiacylglycerol (MGDG) and digalactosyl-diacylglycerol (GGDG). The isola-
tion of the involved genes in the biosynthesis of MGDG and GGDG, and the 
identification of galactolipids-deficient Arabidopsis mutants, greatly facilitated 
the analysis of both galactolipid biosynthesis and their function (Dörmann et al. 
1995). Galactolipids are found in X-ray structures of photosynthesis complex 
and suggest a direct role in photosynthesis. Furthermore, galactolipids can be 
substituted for phospholipids, as mentioned, by increases in the galactolipid: 
phospholipid ratio after phosphate deprivation (Geske et al. 2013). The ratio of 
MGDG to GGDG is also crucial in the physical phase of thylakoids membranes 
and may be regulated (Dörmann and Benning 2002; Wieslander et al. 1979, 
1980; Wieslander and Rilfors 1977) 
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Glycolipids are present in all living organism as glycosphingolipids or acylated 
glycoglycerols. They are present in the cellular membrane, and their concen-
tration is dependent on their biological function. Glycosyldiacylglycerides are 
the major representatives present in chloroplasts and comprise about 50-80% 
of the total lipids that constitute the membrane. Galactose is predominant as 
the sugar component among plant glycerolipids.(Hölz et al. 2006) Monogalac-
tosyldiacylglycerol (MGDG) and digalactosyl-diacylglycerol GGDG are synthe-
sized from UDP-Gal, and diacylglycerol by both MGDG and GDGD synthesis in 
the chloroplast envelope membranes (Hölzl et al. 2009; Belitz et al. 2009; 
Nichols 1974; Chapman and Barber 1987; Sassaki et al. 1999). 
The encoding genes of galactolipid biosynthesis were isolated from Arabidopsis 
and the structure-function studied in plants, eukaryotic algae and in cyanobac-
teria. Galactolipids are crucial for growth under normal or phosphate limiting 
conditions and they are indispensable for maximal efficiency of photosynthesis. 
A wide variety of glycoglycerolipids is found in different bacteria. These lipids 
contain glucose or galactose, and in some cases, mannose or other sugars, 
with different glycosidic linkages in their head groups (Hölzl and Dörmann 
2007; Dörmann and Hölzl 2009). 
Monoglucosyl diglyceride (MGDG) and diglucosyl diglyceride (GGDG) were re-
ported for the first time as a dominant lipid of the Acholeplasma laidlawii 
membrane which grows statically in a lipid-depleted bovine serum albumin-
tryptose medium (Wieslander et al. 1978). GGDG forms a lamellar liquid crys-
talline phase with water, while MGDG forms a reversed hexagonal phase origi-
nated in the Acholeplasma laidlawii membrane. Depending on the amount of 
unsaturated acyl chains of the lipids, a mixture of monoglucosyl diglyceride 
and diglucosyl diglyceride forms lamellar or reversed cubic phases at physio-
logical temperatures (Wieslander et al. 1981).  
Subsequently, a novel glycolipid identified as 1,2-di-O-acyl-3-O-[β-D-gluco-
pyranosyl-(1→ 4)-O-β-D-galactopyranosylglycerol (GGD) was found in cells of 
the photosynthetic bacterium Rhodobacter sphaeroides that grows under 
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phosphate limiting conditions, accumulated non-Phosphorous glycolipids, and 
lipids carrying head groups derived from amino acids (Benning et al. 1995).  
In spite of the extense variety of possible structures, only a small number of 
different glycogycerolipids have been described as present in nature although 
the glucosylgalactosyl-diacylglycerol has not been reported yet in plants (Dör-
mann and Hölzl 2009). However, the introduction of the bacterial glucosylga-
lactosyl-diacylglycerol (GGD) from Chloroflexus aurantiacus into the digalacto-
syl-diacylglycerol (DGD)-deficient Arabidopsis (Arabidopsis thaliana) dgd1 mu-
tant, was performed to generate a complementation of growth with the photo-
synthetic efficiency being partially restored. This experiment confirmed that 
GGD from bacterial lipid and DGD from authentic plant lipid are subject to the 
same mechanisms of regulation (Hölzl et al. 2009). Recently, the accumulation 
of glycolipids such as GGD and DGD, and other non-Phosphorous lipids in Ag-
robacterium tumefaciens, grown under phosphate deprivation, has been stud-
ied.  
In Banana peels the lipid composition has been studied during the ripening at 
tropical temperatures and a high proportion of mono and digalactosyl-
diacylglycerols containing predominantly polyunsaturated fatty acid, particular-
ly linolenic acid, resembled other photosynthetic tissues. When degreening of 
Banana peels was complete at 20°C, almost 50% of galactolipids had broken 
down and the polyunsaturated fatty acids were recovered in the neutral lipid 
fraction. By comparison, after ripening at 35°C, there was a greater loss of 
galactolipids and a lower overall recovery of linolenic acid. These findings had 
correlation with the breakdown of the chlorophyll-protein complexes and with 
the disappearance of the thylakoid membranes when these Bananas were rip-
pened at 20°C, whereas chlorophyll-bleaching at 35°C was inhibited and con-
sequently the chlorophyll-protein complex and thylakoid membranes were re-
tained. The recovery of linolenic acid is a control parameter to measure both 
the galactolipids and the chlorophyll-protein complexes breakdown, during the 
degreening of Banana peels at different temperatures (Blackbourn et al. 1990). 
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Bean thylakoids membranes treated with various lipolytic enzymes (bean 
galactolipase, phospholipases A2, C, D) showed marked changes in their acyl 
lipid composition. As a consequence of acyl lipids hydrolysis, destruction of 
some chlorophyll a-protein complex (CP1a, CP1, Cpa) or monomerization of 
oligomeric light harvesting chlorophyll a/b protein complex (LHCP) was ob-
served. It is concluded that galactolipids and phosphatidylglycerol and to some 
extent monogalactosyldiacylglycerol are essential for the oligomeric stabiliza-
tion of the light harvesting chlorophyll a/b protein complex (Krupa 1984; Wada 
and Murata et al. 2009).  
Banana peels from fruit treated with 10-3 M benzylaminopurine contained both 
chlorophyll a and chlorophyll b at stage 7 of ripening, whereas in the banana 
control chlorophyll could not be detected. Also an increased accumulation of 
monoacylglycerol, triacylglycerol and free fatty acid in the peels of banana fruit 
treated with 10-3 M benzylaminopurine was observed. Contrarily to apolar  
lipids, no remarkable effects of treatments of Bananas with 10-3 M  
benzylaminopurine on polar lipids was observed (Aghofack-Nguemezi and 
Manka`abiengwa 2012). 
Isolation and characterization of glycolipids in Banana peels by NMR 1D/2D ex-
periments have not been reported previously. In spite of this, the occurrence 
of monogalactosylacylglycerol and digalactosyl-diacylglycerol in Banana peels 
is known (Blackbourn et al. 1990). On the other hand, steryl glycosides and 
lipids have been reported in Banana peels (Musa paradisiaca) and “Dwarf Cav-
endish” (Musa acuminata Colla var. Cavendish) (Oliveira et al. 2006; Ghosal 
1985; Wade and Bishop 1978). 
The current phytochemical analysis of Baby Banana peels reports the  
occurrence of two novel glycolipids: O-α-D-Galp (1’’→ 6’)- O-β-D-Glup (1’→ 3)-
2,1-diacyl-L-glycerol (GGDG) and O-β-D-Glup (1’’’-3)-2,1 diacyl-L-glycerol - 
(MGDG). For both of them a proper isolation and characterization has been de-
scribed in this section.  
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In view of the literature data about the presence of glycoglycerolipids in chlo-
roplast of plants and eukaryotic algae such as cyanobacteria is not surprising 
to isolate both GGDG and MGDG in the same fraction of Banana peels. As it 
has shown before the ratio depends on the configuration of incorporated fatty 
acids, growth temperature and membrane cholesterol content (Wieslander et 
al. 1981). The occurrence of GGD and MGDG in Baby Banana peels and the 
preference of galactose over glucose as head sugar moiety should be studied 
in order to clarify the role of these glucolipids in the chloroplast membranes 
and the interaction with the photosynthesis as it has been reported, in the 
case, when the galactose is part of the head sugar moiety in the digalactosyl-
diacylglycerol (Dörmann and Benning 2002).  
2.1.3 Molecular species of glucocerebroside 
The glucocerebroside compound (4E, 8E)–N-2’–hydroxylinolenoyl-1-O-β–D-
glucopyranosyl-4, 8-sphingadienine) (Fig. 2-29) was characterized in fraction 8 
of the preparative HPLC–reverse phase system. The glucocerebroside (1) 
structure was elucidated by 1D/2D-NMR spectroscopy (1H, 13C, 1H/1H-COSY, 
HSQC, HMBC, NOESY) complemented by mass spectroscopy and was in 
agreement with previously published data (Riaz et al. 2013; Li et al. 2007; de 
Souza et al. 2007; Yamauchi et al. 2001; Beck et al. 2007; Zhou et al. 2001; 
Lustosa et al. 2012; Sarmientos et al. 1985; Xu et al. 2001; Moreau et al. 
1998) 
 
Figure 2-29. Chemical structure of glucocerebroside is characterized as (4E, 8E) –N-2’–hydroxylinolenoyl-
1-O-β–D-glucopyranosyl-4, 8-sphingadienine by 1D/2D-NMR spectroscopy (1H, 13C, 1H/1H-COSY, HSQC, 
HMBC, NOESY) in fraction 8. 
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The NMR spectra from fraction 8 showed the characteristic amide 1H proton 
signal of the ceramide, which resonates in the region between at δ7.52 and δ 
7.62; (Figure 2-30). These chemical shift resonances contributed to an useful 
starting point for the assignment of the sphingadienine protons. Thus, the as-
signments from H-1 to H-5 from the ceramide were confirmed with the support 
of HMBC, COSY and NOESY experiments to complete the elucidation from glu-
cocerebroside (1). Similar data was found for glucosylceramides compared 
with literature (de Souza et al. 2007; Sarmientos et al. 1985; Riaz et al. 2013; 
Toledo et al. 2001; Li et al. 2007) (Table 2-11).  
The 1H NMR spectrum showed the presence of oxymethines at δ 4.03 (1H, d, 
J3-5 = 1.9 Hz); at δ 3.48 (1H, d, JHa-Hb = 2.8 Hz) and δ 3.41 (1H, d, JHb-Ha = 2.5 
Hz). Also, a methine proton vicinal to the nitrogen atom of the amide group at 
δ 3.88 (1H m); two olefinic regions at δ 5.28 and δ 5.26 such as two aliphatic 
methylenes at δ 2.02 (1H, d, J (6-5) = 8.5 Hz) and 1.97 (1H, td, J (7-6) = 8.1 Hz J 
(7-8) = 16.0 Hz). Sphingoid moiety with two double bonds were found previous-
ly in medusa Phyllorhiza punctata and in fruit pastes of red bell pepper (Capsi-
cum annuum L.): these relevant literature data was in accordance with the 
glucocerebroside (1) in fraction 8 (de Souza et al. 2007; Yamauchi et al. 2001, 
Yamauchi 2005; Riaz et al. 2013). 
The chemical shifts and coupling constants of the sugar moiety confirmed the 
assignment of the sugar as glucose in the glucocerebroside (1). The coupling 
constant of 1H-1 (δ 4.28) anomeric proton 3J1-2=7.8 Hz indicated a β-
glucopyranosidic linkage to the aglycone moiety, with 13C chemical shift (δ 
102.46). Subsequently arrangements of the substituents between C-1 and C-6 
in the structure were established by HMBC, COSY and NOESY data (Toledo et 
al. 2001; Sarmientos et al. 1985; Yamauchi et al. 2001, Yamauchi 2005; Cos-
tantino et al. 1996; Ruberto and Tringali 2004; Beck et al. 2007; Lu et al. 
1993). 
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Table 2-11. 13C-NMR and 1H NMR chemical shift data of (4E, 8E) –N-2’ –hydroxylinolenoyl-1-O- β–D-
glucopyranosyl-4, 8-sphingadienine (glucocerebroside (1) elucidated from fraction 8) (Levery et al. 
1998).  
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C-6 3.55-3.74 m 62.78 
 
2.  RESULTS AND DISCUSSION 
 82 
The identification of two methyl signals at δ 0.93 and 0.85 (iso-propyl termi-
nus), whose intensities did not share an integral ratio with respect to those of 
other signals in the methyl region from fatty acids, showed an occurrence of 
two sphingoid moieties in the fraction 8, as well as 1H proton chemical shifts at 
δ 7.52 and δ 7.62 of two amide groups (Figure 2-30).  
  
Figure 2-30. Partial 1H NMR spectra (A) Amide characteristic 1H proton signal of the ceramide, which  
resonances are in the region between at δ 7.52 and δ 7.62 (B) Identification of methyl signals at δ 0.93 
and 0.85 (iso-propyl terminus) belonging to ceramides in fraction 8. These relevant enhancements 
support the presence not only of the glucocerebroside (1) elucidated as (4E, 8E) –N-2’ –
hydroxylinolenoyl-1-O-β–D-glucopyranosyl-4, 8-sphingadienine but also a homologous or related 
compound. 
Mixture of sphingolipid homologs were reported previously in the literature and 
the determination of the structures has been performed on the common part of 
the homologs and working on the mixture (Costantino et al. 1996; Yamauchi 
2005; Zhou et al. 2001; Beck et al. 2007; Riaz et al. 2013; Talbott et al. 
2000). 
In order to confirm the length of the fatty acid chain and the sphingosine base 
of the glucocerebroside (1), fraction 8 was submitted to atmospheric pressure 
chemical ionization mass spectrometry (APCI-MS) in positive mode. The peak 
[M+H] + 752.4 m/z was identified as a molecular ion peak and the fragmenta-
tion pattern showed intense fragment ions at m/z 572, derived from the loss of 
the sugar moiety and m/z 590, which represents the fragment of both the 
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sphingoid and the fatty acid chain. The characteristic fragment at m/z 262 de-
termines the sphingoid moiety with a loss of water in the structure and also 
linolenic acid moiety at m/z 262. Figure 2-31 illustrates the schema of the 
fragmentation and Figure 2-32 the positive APCI-MS spectra in the gluco-
cerebroside (1). 
 
Figure 2-31. APCI-MS mass fragmentation pattern of (4E, 8E)–N-2’ –hydroxylinolenoyl-1-O-β–D-
glucopyranosyl-4, 8-sphingadienine, glucocerebroside (1).  
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Figure 2-32. Positive-ion APCI mass spectra of (4E, 8E)–N-2’–hydroxylinolenoyl-1-O-β–D-glucopyranosyl-
4, 8-sphingadienine, glucocerebroside (1). Intensity [mAU] depicts the relative percentage abundance 
plotted against m/z values between 150 and 1500. The peak [M+H]+ 752.4 m/z was identified as a 
molecular ion peak; the fragmentation pattern showed the ceramide moiety at m/z 572.3 and the 
sphingoid-(H2O) moiety at m/z 262 from glucocerebroside (Riaz et al. 2013; Yamauchi 2005; Kasumov et 
al. 2010).  
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Methanolysis of fraction 8 with methanolic HCl provided the methyl ester of a 
fatty acid and a sphingosine base. When the methyl ester of fatty acid and 
sphingosine base on acetylation were analyzed by GC-MS: characteristic 
fragments at m/z 298 were identified as a sphingoid moiety; and at m/z 298, 
including at m/z 292, 294, 270, were identified as methyl linolenoate, methyl 
linoleate and methyl palmitate, respectively (Figures 2-33, 2-34) 
 
Figure 2-33. GC-MS chromatogram from the acyl moiety in fraction 8 after the derivatization. The result-
ing methyl ester derivatives corresponding to methyl linolenoate at m/z 292 in 45.32 min, methyl linole-
ate at m/z 294 in 43.88 min and methyl palmitate at m/z 270 in 36.7 min and the presence of a new 
peak that represents the sphingoid moiety at m/z 298 in 42 min. 
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Figure 2-34. Mass spectrum corresponding to the sphingoid moiety [R1CH(OH)CH(NH2)CH2] belonging to 
glucocerebroside (1) (Yamauchi et al. 2001; Riaz et al. 2013). 
After characterization of the sphingoid moiety from the glucocerebroside (1) by 
LC-APCI-MS an additional species was analyzed, which yielded two different 
forms of fragmentation according to the base peaks shown in the spectrum at 
m/z 766 and 664.4 with retention time of 20.7 min. These new species differ 
from the glucocerebroside (1) in the chain length of the fatty acid moiety; 
whereas the glucocerebroside (1) depicted 18h:2, the new one exhibited 
22h:0. As a result, the glucocerebroside (2) is tentatively identified as (8E)–N-
2’–hydroxydocosanoyl-1-O-β–D-glucopyranosyl-4-hydroxy-8-sphingaenine 
with its mass spectrum being in concordance with literature data (Yamauchi et 
al. 2001, Yamauchi 2005; Lu et al. 1993) (Figures 2-35, 2-36). 
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Figure 2-35. (Above) APCI-MS fragmentation pattern of glucocerebroside (2) identified as (8E)–N-2’-
hydroxydocosanoyl-1-O-β–D-glucopyranosyl-4-hydroxy-8-sphingaenine; (below) APCI-MS data of 
glucocerebroside (2).  
It is remarkable how fraction 8 displayed in RP-18 TLC from the separation by 
HPLC-reversed phase (Figure 2-2) new bands in comparison with the bands in 
fractions 4 and 5 corresponding to GGDG and MGDG. This result obeys to the 
occurrence of new compounds in this fraction in addition to the glycolipids pre-
viously identified. 
After the analysis of fractions 4-5-8 it was possible to distinguish some struc-
tures, such as the sphingoid moiety with a soft band in middle of the plate ar-
ea, the glucose ceramide moiety in the glucocerebroside as a different band 
with different retention time in comparison with the glycolipids from fractions 4 
and 5 and strong gray bands in the bottom of TLC identified as compounds 
with phosphorous in the structure (Figure 2-2). 
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Although the fraction 8 did not give completely clear 1H and 13C data, it has 
been possible to elucidate the structure of glucocerebrosides and other com-
pounds. 
 
Figure 2-36. Positive-ion APCI mass spectra of (8E)–N-2’ –hydroxydocosanoyl-1-O-β–D-glucopyranosyl-
4-hydroxy-8-sphingaenine, glucocerebroside (2). Intensity [mAU] depicts the percentage relative abun-
dance plotted against m/z values between 150 and 1500. The peak [M+H] + 816.4 m/z was identified as 
the molecular ion peak and the fragmentation pattern showed the ceramide moiety at m/z 654 and the 
sphingoid-(H2O) moiety at m/z 262 from the sphingoid. Two types of fragmentation have been observed 
and they are indicated in the mass spectra with a circle and a rectangle to differentiate each other (Riaz 
et al. 2013; Yamauchi 2005; Kasumov et al. 2010). 
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2.1.4 Sulphoquinovosyl-diacylglycerol (SQDG) 
The elucidation of SQDG was carried out using HMBC, COSY, NOESY and the 
presence of the CH2-S group in the sulfodeoxyhexosyl unit, due to the presence 
of an unusually high frequency at δ 54.66 with CH2 resonances at δ 2.69 and δ 
3.05, was confirmed. Furthermore, a distinct resonance at δ 69.7, 
corresponding to C-5 in the glucose, was identified as part of the SQDG 
structure (Gage et al. 1992) Figure 2-37). 
The β configuration of the glucose was confirmed by virtue of the 13C-1H signal 
at δ 104.75 and the 3J1-2=7.8 Hz. The HMBC enhancements between C-1 with 
C-6 and C-5, that belongs to the CH2-S group, allowed to elucidate the chemi-
cal shifts corresponding to the H-2-3-4- in the glucose. The coupling constants 
gave a relevant information to define the position of the substituents in the 
molecule, just to conclude that the H-4 is located in an axial position derived 
from the fact that H-3 showed a typical vicinal coupling constant of 3J=9.6 Hz. 
The complete NMR assignments are shown in Table 2-12. 
 
Figure 2-37. Chemical structure of O-β-D-Quip-6-sulphono (1’ ↔ 3)-2, 1—diacyl-L-glycerol, 
sulphoquinovosyl-diacylglycerol (SQDG) elucidated in fraction 8.  
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The fatty acids composition in the SQDG was determined by GC-MS analysis 
which displayed methyl-esters related to linolenic, linoleic and palmitic acid, as 
part of the acyl region in fraction 8. The high intensity of the methyl linoleyl 
peak could indicate the linkage with the SQDG, in concordance with the 1D/2D 
NMR experiments. The total ion chromatogram shows the sphingoid moiety in 
fraction 8 with a retention time of 42 min (Figure 2-33).  
 
Table 2-12. 1H and 13C NMR spectroscopic data of O-β-D-Quip-6-sulphono(1’ ↔ 3)-2, 1—diacyl-L-glycerol, 
sulphoquinovosyl-diacylglycerol (SQDG) elucidated in fraction 8. The NMR assignments were in agree-
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2.1.5  Phosphatidylethanolamine (PE) 
The 1D/2D NMR spectra of fraction 9 showed high intensity resonances related 
to ceramides and also phospholipids. Those chemical shifts in the spectrum 
supported the fact that the TLC plate - RP-18 separation (Figure 2-2), showed 
in fraction 9 an intensive gray band, in the bottom area, meaningfully stronger 
than in fraction 8. Hence, fraction 9 was submitted to 31P experiment in order 
to check the occurrences of Phosphorous in the fractions. This resulted in the 
elucidation of phospholipids such as ceramide-aminoethylphosphonate (CAEP), 
phosphatidylethanolamine (PE) and, in lower proportion, phosphatidylcholine 
(PC). 
Two relevants peaks at δ 0.73 and δ 1.49 were found in the 31P spectrum 
which corroborates the assumption about the presence of phosphorylated 
compounds in the fraction and could indicate that δ 0.73 belongs to a phospha-
tidylethanolamine and phosphathidylcholine at δ 1.49 belongs to a ceramide-
aminoethylphosphonate (CAEP) (Figure 2-38).  
 
Figure 2-38. 31P spectrum from fraction 9 indicated the occurrence of Phosphorous element at δ 0.73 
which corresponds to phophatidylethanolamine (PE) and phosphathidylcholine (PC) in lower proportion, 
and also at δ 1.49 to the ceramide-aminoethylphosphonate (CAEP).  
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The elucidation of phosphatidylethanolamine was supported by the comparison 
of the resonances with those described previously in section 2.1.1 (phosphati-
dylcholine). The new chemical shift at δ 41.71 gave the key to assure that the 
new phospholipid in the fraction could be phosphatidylethanolamine. The full 
assignments of the structures were based on both NMR 1D/2D experiments 
and literature data (de Souza et al. 2007; Sobolev et al. 2005) (Figure 2-39, 
Table 2-13). 
 
Figure 2-39. Chemical structure of phosphatidylethanolamine (1, 2- dilinoleoylphosphatidyl-
ethanolamine) and chemical shift of HSQC correlation with numbering of carbons and protons according 
to literature data (Sobolev et al. 2005).  
 
 
Table 2-13. 1H-NMR and 13C-NMR spectroscopic data of phosphatidylethanolamine (PE) elucidated in 
fraction 9 and assignment of resonances in the 600 MHz 1H-NMR and 150 MHz 13C-NMR in CD3OD (de 
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2.1.6 Ceramide aminoethylphosphonate (CAEP) 
The occurrence of the two chemical shifts (Figure 2-40) at δ 41.759 and 41.712 
in the 13C NMR spectrum corresponding to CH2NH3 from PE showed that an ad-
ditional phospholipid could be present in fraction 9. It was possible to elucidate 
the structure of a ceramide aminoethylphosphonate (CAEP) with the Phospho-
rous moiety linked to a glycerol molecule at δ 63.67, which belongs to a C-1 
chemical shift of a ceramide moiety (Figure 2-41). The HMBC, COSY and NOESY 
experiments established significant and relevant information to elucidate the 
structure of the ceramide aminoethylphosphonate in accordance with the LC-
APCI-MS analysis as well as literature data (de Souza et al. 2007). 
 
Figure 2-40. 13C spectrum of fraction 9 which showed two resonances at δ 41.759 and 41.712 suggesting 
the occurrence of two Phosphorous moieties in the fraction belonging to phosphatidylethanolamine (PE). 
  




Figure 2-41. Tentative structure of ceramide aminoethylphosphonate (CAEP) elucidated in fraction 9 by 
HMBC, COSY and NOESY experiments, in concordance with literature data (de Souza et al. 2007). 
The identification of CAEP in fraction 9 is the result of assignments from a 
phosphatidylethanolamide which do not have linkage with glycerol but with an 
amide-H at δ 7.52, which could be part of the amino group in sphingolipids 
linked to a fatty acid with a chemical shift at δ 177.25 as it has been observed 
in COSY and HMBC experiments. Nevertheless, a complete 1H-31P HMBC corre-
lation is required to confirm the structure.  
2.1.6.1 Summary  
The isolation and characterization by 1/D and 2/D NMR of phosphatidylcholine 
(PC) and phosphatidylethanolamine (PE) and glucocerebroside in Baby Banana 
peels has not been reported previously. However, it has been reported that the 
amount of total lipids in banana fruit pulp tissue remained constant during the 
climateric rise induced by ethylene. Also the relative proportion of neutral lipid, 
glycolipid and phospholipid did not change (Wade and Bishop 1978). Further-
more, glycolipids and phospholipids have been analyzed in peels of banana 
when benzylaminopurine and kinetin were applied during the ripening of bana-
na fruit and by thin-layer chromatography chlorophylls, carotenoids and neu-
tral lipids were identified (Aghofack-Nguemezi and Manka`abiengwa 2012). 
The relation between phytosterols, glucosylcerebroside and phospholipids in 
plant have shown a dynamic of ternary mixtures in the membranes and they 
play an important role to regulate membrane thermal shocks (Beck et al. 
2007). 
The scientific interest in the immunological properties of glycosphingolipids 
(GSLs) from the marine sponge Agelas dispar is already reported because they 
play an important role as therapeutical agents. Likewise, ceramides from Blood 
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Orange (Citrus sinensis) were found to show nutraceutical properties for pro-
tection of colon carcinoma (Costantino et al. 1996; Valsecchi et al. 2012) Two 
lipoxygenase inhibitory sphingolipids from Chrozophora plicata were isolated 
and the 1H and 13C NMR data, HMBC and COSY correlation was reported as well 
as EI-MS spectrometry (Riaz et al. 2013).  
The occurrence of the aminoethylphosphonate derivative (CAEP) and sulfoqui-
novosyldiacylglycerol (SQDG) in lettuce leaves and in medusa (Phyllorhiza 
punctata) has been reported previously and the data was a relevant support to 
elucidate these compounds in the current research about the phytochemical 
profile from Baby Banana peels (Sobolev et al. 2005; de Souza et al. 2007). 
The sphingolipids have attracted interest because they are emerging as an im-
portant class of messenger molecules linked to many different cellular func-
tions. They are also involved in signal transduction, membrane stability, host-
pathogen interactions, and stress responses. They are furthermore serving as 
intra and intercellular second messengers regulating cell growth, differentia-
tion, apoptosis, and pathogenic defense (Sperling and Heinz 2003). 
2.1.7 Linoleic acid 
Baby Banana with hyperpigmentation (34.9 kg) was peeled to separate the 
skin. The stage of ripening was green color that corresponds to a parameter n° 
2, according to the established control table of ripening in the market. The 
peels (3.26 kg) were freeze-dried to produce 401.6 g of sample. Then, the 
freeze-dried peels were washed three times during 24 h, firstly with hexane 
and afterward with methanol, to obtain a liquid extract of compounds both in 
non-polar and polar phases (cf. 4.3.1.1). 
The unpolar phase which contained the lipid compounds (17.3 g) was fraction-
ated by means of spiral-coil low speed rotary countercurrent chromatography 
(Spiral-Coil LSRCCC) and 18 fractions were obtained by using a two phase sol-
vent system composed of ACN/Hexane (1:1) at λ 210 nm in elution and extru-
sion mode (Figure 2-42).  
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A preliminary phytochemical screening was carried out by means of TLC and 
revealed the presence of a strong band with a grey color in fraction 6 which 
showed a low intensity of fluorescent compound at UV 366 nm in comparison 
with the high intensity of the preceding fractions. Subsequently, fraction 6 was 
submitted to 1/D and 2/D NMR experiments. As result of the elucidation, lino-
leic acid was identified and additional information from the HPLC-APCI–MS/MS 
analysis showed that linoleic acid is the major compound in fraction 6 (75.45 
mg), corresponding to tubes [82-89] in elution mode of the spiral coil-LSRCCC 
separation. 
The 1H and 13C spectrum of fraction 6 supplied useful information on the sig-
nals to deduce that a carbonyl ester at δ 180.2 and a signal of CH3 at δ 14.3 
represent the occurrence of a fatty acid. The allylic region with 12 lipid signals 
from δ 23.0 to δ 34.2 with predominant signal of CH2 at δ 27.5 depicted clearly 
that only one fatty acid is represented in the spectrum. The olefinic region 
showed two double bonds, with signals at δ 128.8, δ 128.5, δ 130.3 and  
130.4 and comparison of resonances in 13C and DEPT NMR spectra confirmed 
that a 18:2 (∆9, 12) unsaturated linoleic acid has been elucidated in fraction 6 
(Figures 2-43, 2-44). 
The HSQC spectrum showed correlations to the 13C at δ 14.3 with 1H signals at 
δ 0.9 and the olefinic carbons at δ 128.8 and 128.5 with a region of 1H spec-
trum at δ 5.35 together with δ 130.4 and 130.3 enhancements correlations at 
δ5.38. The characteristic 13C signal at δ 26.6 showed resonance with 1H signal 
at δ 2.81 which confirm the CH2-11 in the middle of the double bonds. In spite 
of the region of the 1H spectrum at δ 1.3 could display overlapped, CH2-3-4-5-
15-17 were elucidated clearly. Table 2-14 summarizes the HSQC resonances in 
the linoleic acid (Gunstone 1990; Vlahov 2009). 
 




Figure 2-42. (Above) RP-18 TLC (Thin Layer Chromatography) in MeOH (100%) of linoleic acid in fraction 
6 that corresponds to the tubes [82-89] in elution mode. (Below) Spiral coil LSRCCC chromatogram of 
Baby Banana peels with hyperpigmentation (HP). Fraction 6 in elution mode contains linoleic acid which 
was isolated and identified by 1/D and 2/D NMR experiments. 
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Figure 2-43. 600 MHz 1H-NMR spectrum of linoleic acid in CD2Cl2 (Left); 150 Hz DEPT spectrum of linoleic 
acid in CD2Cl2 (Right). 
 
 
Figure 2-44. 600 MHz 13C-NMR spectrum of linoleic acid in CD2Cl2. The olefinic, allylic and carbonylic 
regions are precisely identified in the spectrum such as the 18 carbons which conform the chemical 
structure of the linoleic acid (Hatzakis et al. 2011; Zamora et al. 2002). 
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Table 2-14. 1H-NMR and 13C-NMR spectroscopic data of linoleic acid in fraction 6 and assignments of 
resonances in the 600 MHz 1H-NMR and 150 MHz 13C-NMR spectra in CD2Cl2 (Gunstone 1990). 
Assignment Δ1 H (ppm) 
 































































The 1H- 13C-NMR HMBC spectrum gave relevant information to confirm the cor-
relation between the carbonylic C-1 with C-2-3, and besides it, the connectivity 
between C-7-8-14-15 resonances with the olefinic region is confirmed. The 
significant HMBC enhancements between the CH3 –18 with C-17-16-14 support 
the chemical structure of the linoleic acid, 18:2 (∆9Z, 12Z) (Figure 2-45). The 
1H- 13C-NMR HMBC spectrum supported the fact that linoleic acid is the major 
compound in fraction 6 (Figure 2-46).  
The results of the 2D experiments COSY and NOESY provided assignments to 
confirm the proximity between the 1H-1H signal and also through-space, re-
spectively. The COSY spectrum showed the connectivities between protons in 
the structure of linoleic acid according to the HMBC and HSQC results de-
scribed above and also brought overriding support in order to confirm that it is 
a polyunsaturated omega-6 fatty acid (Figure 2-47). 




Figure 2-45. Structure relevant HC-correlation in the HSQC (Heteronuclear single-quantum correlation) 
and the HMBC (Heteronuclear multiple bond correlation) from linoleic acid 18:2 (∆9Z, 12 Z) in fraction 6. 
HSQC and HMBC analysis were in agreement with literature data (Vlahov 2009; Hatzakis et al. 2011; 
Zamora et al. 2002; Gunstone 1990; Gunstone 1993). 
 
 
Figure 2-46. The 600 MHz 2D HMBC spectrum of linoleic acid 18:2 (∆9Z, 12Z) shows the enhancements 
between olefinic and allylic regions which support the chemical structure of an unsaturated fatty acid in 
fraction 6. 
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Figure 2-47. The 600 MHz COSY spectrum of ω-6 linoleic acid in fraction 6 from spiral coil–LSRCCC 
separation of Baby Banana peels with hyperpigmentation (CD2Cl2). 
 
Furthermore, NOE assignments confirmed the olefinic side chain with two dou-
ble bonds in cis-configuration which are supported by the triplet of doublets at 
5.35 ppm td (t, 3J(10-11)(12-11)= 1.3; d, 3J (10-9)(12-13)= 2.8) and 5.38 ppm td (t,3 J 
(9-8)(13-14)=1.5;d, 3J(9-10)(13-12)= 3.4), corresponding to H-9 and H-10 as well as 
H-12 and H-13. Thus, the equatorial conformation shows the proximity be-
tween the protons in the olefinic region. Moreover, the coupling constants for 
H-11 at δ 2.81 and H-8-14 at δ 2.06 exhibit a value of 7.1 and 7.2 Hz, respec-
tively (Table 2-14). 
Additionally, the stereochemistry of the linoleic acid could be elucidated by 
NOE enhancements which showed three relevant resonances between H-18 at 
δ 0.9 with H-3 at δ 1.65, between H-2 at δ 2.33 with H-14 at δ 2.06 and be-
tween H-11 at δ 2.81 with H-4, 7 at δ 1.3 which illustrate that the molecule 
could be twisted (Figures 2-48, 2-49). 
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Figure 2-48. Relevant NOE enhancements used to define the stereochemistry of ω-6 linoleic acid in 
fraction 6 from spiral coil–LSRCCC separation of Baby Banana peels with hyperpigmentation. The red 
circles indicate the correlation between three relevant resonances between H-18 at δ 0.9 with H-3 at δ 
1.65, between H-2 at δ 2.33 with H-14 at δ 2.06 and between H-11 at δ 2.81 with H-4,7 at δ 1.34 which 
illustrate that the molecule could be twisted (600 MHz, CD2Cl2). 
 
Figure 2-49. Final stereochemistry proposal of the ω-6 linoleic acid (18:2, ∆9Z, 12Z) according to NOESY 
and COSY experiments in fraction 6 from spiral coil–LSRCCC separation of Baby Banana peels with 
hyperpigmentation (CD2Cl2). 
 
The analysis of HPLC-APCI-MS-MS (positive ion mode) data showed at the re-
tention time of 2.9 min the occurence of linoleic acid (m/z 278.6) as a major 
compound in fraction 6. However, the chromatogram revealed traces of ara-
chidic acid (20:0) with m/z 295 at 3.0 min, hydroxypheophytin a with m/z 887 
and pheophytin b with m/z 885 at a retention time of 22.4 min. The DAD-
contour-plot displays at UV 423 and 677 nm traces of hydroxypheophytin a in 
fraction 6 (Jakab et al. 2002; Holčapek et al. 2003) (Figure 2-50).  




Figure 2-50. HPLC-APCI-MS-MS analysis (positive ion mode) of fraction 6 from spiral coil-LSRCCC of Baby 
Banana peels. (Above) Linoleic acid is the major fatty acid with m/z 278 and traces of arachidic acid 
(20:0) with m/z 295, in 3.0 min (Below). Traces of pheophytin b and hydroxypheophytin a with m/z 885 
and 887, respectively at 22.4 min (displays fluorescence at UV 423 and 677 nm) in DAD-contour-plot 
(Jakab et al. 2002; Holčapek et al. 2003). 
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2.1.7.1 Summary  
The elucidation of linoleic acid in fraction 6 from the spiral coil-LSRCCC separa-
tion of Baby Banana peels with hyperpigmentation was achieved on the basis 
of 1/D and 2/D NMR spectra and consequently they were useful in order to do 
comparisons with other spectra which contained fatty acids as part of the 
chemical structure e.g mono/di-galactosyldiacylglycerols, phosphatidylcholine 
and phosphatidylethanolamine. 
High resolution 1/D and 2/D NMR data of linoleic acid was obtained in the 
frame of studies of mono-, di- and triacylglycerols (MAG; DAG; TAG) in vege-
table oils and they were confirming the linoleic acid which was isolated and 
identified in Baby Banana peels (Vlahov 2009; Hatzakis et al. 2011; Zamora et 
al. 2002; Gunstone 1990, Gunstone 1993). 
Different dichloromethane extracts of different morphological parts of banana 
plant Dwarf Cavendish, cultivated in Madeira Island (Portugal), were studied by 
gas chromatography-mass spectrometry and phytosterols and fatty acids such 
as palmitic, stearic, linoleic, linolenic, 22-hydroxydocosanoic, 24-hydroxy-
tetracosanoic and 26-hydroxyhexacosanoic acids, were the major components 
found in all morphological zones (Oliveira et al. 2006). Besides, six varieties of 
banana peels from Cameroon, Africa, were studied at three stages of ripeness 
to explore their potential applications. The content of lipids was analyzed by 
GLC and varied from 2.2% to 10.9%. It was rich in polyunsaturated fatty ac-
ids, 42.1-52.2% of the total fatty acids in all varieties and particularly linoleic 
acid (ω-6) and β-­‐linolenic acid (ω-3). Among the saturated acids, the main 
representatives were palmitic and stearic acid with small amounts of arachidic 
and myristic acid (Happi Emega et al. 2007). 
The important interaction between fatty acid and glycolipids during the de-
greening of bananas ripened at tropical temperatures and the relation with the 
photosynthetic capacity has been reported in section 2.1.2.3 (Blackbourn et al. 
1990; Wada et al. 2009). 
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Additionally, the studies in bean thylakoids membranes treated with various 
lipolytic enzymes showed marked changes in their acyl lipid composition and 
also that galactolipids, phosphatidylglycerol and to some extent monogalacto-
syldiacylglycerol are essential for the oligomeric stabilization of the light har-
vesting chlorophyll a/b protein complex (Krupa 1984; Luzzati and Spegt 1967). 
It is known that there is a strict light dependency of fatty acids synthesis in 
leaf chloroplasts but the relevance to TAG accumulation in oilseeds was re-
vealed only recently at the metabolic level. Even low levels of light penetrating 
to developing embryos provide sufficient reductants and ATP for fatty acid bio-
synthesis (Goffman et al. 2005). 
A recent study reported by the American Society for Biochemistry and Molecu-
lar Biology described that triacylglycerols (TAG) from plants supply 25% of die-
tary calories to the developed world. They are increasingly used as a source for 
renewable biomaterials and fuels. Demand for vegetable oils will double by the 
year 2030, which can only be met by increase oil production. TAG synthesis is 
accomplished through the coordinate action of multiple pathways in multiple 
subcellular compartments and recent information has revealed an underappre-
ciated complexity in pathways for synthesis and accumulation of this im-
portant, energy-rich class of molecules (Chapmann and Ohlrogge 2012). 
2.1.8 Lutein 
The extraction of 401.6g from freeze dried peels of Baby Banana with hyper-
pigmentation (cf. 4.3.1.1) yielded 17.17 g of hexane phase and 3.65 g of meth-
anol phase. From the total amount of methanol phase 1.03 g was fractionated 
by means of High Speed Countercurrent Chromatography and a total of 12 
fractions was obtained in elution mode (6 fractions) and extrusion mode (6 
fractions). The conditions for the separation were as follows: solvent system 
hexane/MeOH/water/EtOAc (10/10/1/1) at a flow rate of 3.5 mL/min in elution 
and extrusion mode” head to tail” with detection at λ 440 nm (Figure 2-51). 
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Figure 2-51. HSCCC chromatogram of Baby Banana peels with hyperpigmentation (HP) from the 
methanol extract. Fraction 3 in elution mode contained 12.4 mg of lutein which was identified by 1/D and 
2/D NMR experiments in CD2Cl2. 
 
On the TLC-RP-18 from elution and extrusion mode a yellow band was ob-
served corresponding to the tubes of fraction 3 in elution mode (Figure 2-52). 
Subsequently, when the plate was developed with anisaldehyde, one gray band 
was noticed which showed that a carotenoid had been isolated. Therefore, the 
fraction was submitted to 1/D and 2/D NMR experiments.  
 
Figure 2-52. RP-18 TLC screening, under white light, of tubes corresponding  
to fraction 3 from HSCCC elution. 
The chemical structure of lutein (3R, 3′R, 6′R)-β, ε-carotene-3, 3′-diol was 
elucidated by means of 1/D and 2/D NMR experiments and the assignments of 
1H and 13C-NMR signals were supported by 1H-1H–COSY and NOESY as well as 
the calculation of the coupling constants (J) (Figures 2-53, 2-54, 2-55). The 1H 
and 13C data were in agreement with literature data, with the exception of the 
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coupling constants (J) from C-4 which showed at δ 2.26, dd, 2J(a-b)= 1.9 Hz, 
3J(4-3) = 5.9 Hz instead at δ 2.04 dd, 2J(a-b)= 16.8, 3J (4-3)= 9.5 Hz. The large 
coupling constant of the doublet at δ 2.04 (16.8 Hz) which would show a diaxi-
al position between Ha-b is not present in the data elucidated and in contrast 
the coupling constant shows an equatorial arrangement at δ 2.26, dd; 2J(a-b)= 
1.9 Hz. In the same way, the coupling constant between H-4 and H-3 differs 
with the data; whereas the literature reports 3J(4-3)= 9.5 Hz, the lutein isolated 
yielded 3J(4-3)= 5.9 Hz (Molnár et al. 2004; Molnár et al. 2006; Aman et al. 
2005a) (Table 2-15). 
 
Figure 2-53. Structure of (all-E)-lutein (3R, 3′R, 6′R)-β, ε-carotene-3, 3′-diol isolated from Baby Banana 
peels with hyperpigmentation by means of High Speed Countercurrent Chromatography (HSCCC). 
 
Figure 2-54. The 600 Hz COSY spectrum (left) and 13C spectrum (right) of lutein isolated from Baby 
Banana with hyperpigmentation by HSCCC in CD2 Cl2.  
In Table 2-15, complete 1H and 13C-NMR assignments are given for the lutein 
with a characteristic ε-type according to literature data (Molnár et al. 2004). 
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Table 2-15. 1H and 13C–NMR data of lutein (3R, 3′R, 6′R)-β, ε-carotene-3, 3′-diol at 600 MHz and 150 
MHz, respectively, in CD2Cl2 isolated from Baby Banana peels by means of High Speed Countercurrent 





















t, 2J (a-b)= 11.9 Hz, 3J (2-3) = 11.9 Hz 
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Figure 2-55. Structure relevant long-range HC-correlation in the HMBC and HSQC of lutein (3R, 3′R, 6′R)-
β, ε-carotene-3, 3′-diol from Baby Banana peels in CD2Cl 2 
The confirmation of the structure was performed by HPLC-APCI-MS-MS. Frac-
tion 3 showed a single peak with quasimolecular ion at m/z 551 [M+H-H2O] at 
16.2 min with the characteristic spectrum of lutein with absorption maxima of 
420, 444 and 472 nm which is in agreement with literature data (Figure 2-56) 
(de Rosso and Mercadante et al. 2007; Britton et al. 1995; Gross et al. 1973a; 
Subagio et al. 1996).  




Figure 2-56. HPLC-APCI-MS-MS spectra (positive ion mode) of a quasimolar ion at m/z 551 [M+H-H2O] 
corresponding to lutein isolated in fraction 3 from Baby Banana peels with hyperpigmentation (below), at 
16.2 min according to the chromatogram (middle), at 420, 444 and 472 nm as the UV absorption 
maxima (above), in concordance with literature data (de Rosso and Mercadante 2007; Mercadante et al. 
1997; Britton et al. 1995; Gross et al. 1973a; Subagio et al. 1996). 
2.  RESULTS AND DISCUSSION 
 110
2.1.9 Violaxanthin-di-laurate and β-Carotene isomers  
The extraction of 401.6 g freeze dried peels of baby banana with hyperpigmen-
tation yielded 17.17 g of hexane phase and 3.65 g of methanol phase  
(cf. 4.3.1.1). The total amount of hexane phase (17.17 g) was not fractionated 
by means of spiral coil low-speed rotary countercurrent chromatography 
(LSRCCC), but only 26.6% because not all the compounds in the extract were 
dissolved in the solvent system (ACN/Hexane [1:1]) (Section 2.2 Optimization of 
Solvent System). 
The rest of the hexane phase extract was retained in the filter paper during the 
preparation of the sample while the injection was performed in the spiral coil -
LSRCCC experiment. Subsequently, the retained rest (8.02 g) was dissolved in 
acetone and denominated as "acetone extract" for further experiments. 
For this purpose, 1.0 g of the acetone extract was fractionated by means of 
HSCCC and a total of 14 fractions was obtained; in elution mode (6 fractions) 
and in extrusion mode (8 fractions). The conditions for the separation were the 
following: solvent system hexane/EtOH/Water/(6/5/2), flow rate 3.5 mL/min in 
elution mode, and 6.0 mL/min in extrusion mode, elution mode ”head to tail”, 
detection at λ 220 nm (Figure 2-57). 
The HSCCC chromatogram and the screening of TLC plates showed that frac-
tion 12 in extrusion mode represented the major peak in the chromatogram 
and also contained several compounds. Hence, an additional purification by a 
normal phase chromatography was performed, and various solvent systems 
were tested. 




Figure 2-57. HSCCC separation of the "acetone extract", solvent system: hexane/EtOH/Water/ (6/5/2), 
flow rate 3.5 mL/min in elution and 6.0 mL/min in extrusion mode, elution mode ” head to tail”, detection 
at λ 220 nm. 
  
The assay was conducted by analytical thin layer chromatography, using alu-
minum sheets of silica gel F251 [Merck©]. The mobile phase CH2Cl2/MeOH 
(9.9/0.1) showed the best separation for HSCCC fraction 12.(cf. 4.3.2.1) Ac-
cordingly, a normal phase chromatography with CH2Cl2/MeOH (9.9/0.1) as 
mobile phase in a column of 60 mL was performed. 
100 mg of fraction 12 was dissolved in 200 mL of CH2Cl2/MeOH (9.9/0.1). The 
separated compounds were collected in 15 fractions and monitored by TLC in 
order to observe the purity of the separation. 
Fraction 1 (27.8 mg) showed a single band of yellow color under white light, 
after spraying with anisaldehyde a grey color replaced the yellow band in the 
silica gel TLC plate (Figure 2-58). The presence of only one band indicated that 
carotenes have been isolated. Therefore, fraction 1 was submitted to 1/D and 
2/D NMR experiments. 
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(A)  (B) (C) 
Figure 2-58. (A) Normal phase chromatography of 100 mg of HSCCC fraction 12; (B) TLC plate of silica 
gel of fraction 1 corresponding to tubes [9-12] in the normal phase separation; (C) TLC plate of silica gel 
of fraction 1 corresponding to tubes [9-12] in the normal phase separation, after been developed with 
anisaldehyde as chromogenic agent.  
 
 The 1H-NMR spectrum of fraction 1 depicted resonances at δ 6.02, 6.4, 6.5, 
6.9 for the olefinic region of the carotenoids, as well as the characteristic me-
thyl groups H-16-16’ and 17-17’- at δ 1.17, in addition to the chemical shift of 
H-19-19’, and H-20-20’ methyl groups at δ 1.89 and 1.87, respectively. The 
13C spectrum confirmed that chemical shifts corresponded to both β-carotene 
as well as a fatty acid ester at δ 173.70; 173.67; 173.65; 173.61. A wide 
range of resonances between δ 20-35 ppm, which represents methylene, me-
thine and methyl groups, indicated that there are more than one compound in 
the fraction. 
The high intensity of several chemical shifts in the 1H-NMR and 13C-NMR spec-
tra, which correspond to triterpenoid and fatty acids, contrasted with the low 
intensity of 1H-chemical shift and 13C chemical shift of carotenoids. For this 
reason, it was extremely difficult to elucidate the complete structure of the ca-
rotenoid without the relevant support of HPLC-APCI-MS-MS mass spectrome-
try. The appropriate interpretation of the UV spectra defines the type of carot-
enoids in the fraction, either cis/trans isomers of ß-carotene or carotenoid es-
ters in agreement with the literature data. Nevertheless, the elucidation of the 
1/D and 2/D NMR experiments enabled to gather the resonances of each one 
of the carotenoids, fatty acid and triterpenoids in fraction 1 (Figure 2-59). 
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Figure 2-59. 13C NMR spectrum of fraction 1 obtained by means of normal phase chromatography from 
the "acetone extract" of Baby Banana peels with hyperpigmentation. The 13C chemical shifts in the 
spectrum represent the resonances of carotenoids, carotenoid ester, fatty acid and triterpenoids which 
were gathered according to 1H, HSQC, HMBC, COSY and NOESY experiments. 
The HMBC spectrum detected heteronuclear correlations between the ester 
signal of fatty acid (δ173.61-173.69) and two unexpected 1H resonances at δ 
4.39 and 4.45 which showed the clue to define the presence of carotenoid es-
ters. Besides, the HSQC spectrum confirmed the single correlation at δ 78.42 
/4.39 and δ 80.54/4.38 which support the ester bond of C-1 from the fatty ac-
ids with an oxygen in form of alcohol, epoxy or oxo group, which are the main 
characteristics of xanthophylls (Figures 2-60, 2-61). 
The identification of the xanthophyll was performed through the analysis of the 
UV spectrum and the absorption maxima in the spectrum of HPLC-APCI-MS-
MS, in agreement with literature data. The contour-plot of fraction 1 showed 
two broad bands between 400 and 500 nm and two peaks between 25.4 and 
25.5 min in the chromatogram (Figure 2-62).  
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The UV spectrum of the first peak in 25.4 min showed a three-maxima spec-
trum of a xanthophyll at 422, 446, 472 nm, which was in agreement with liter-
ature data about carotenoids. The analysis of the mass spectrum (Figure 2-63), 
obtained by HPLC- APCI-MS-MS, showed a relevant information for the identifi-
cation of the structure (Gross et al. 1973b; Weller and Breithaupt 2003; 
Breithaupt and Schwack 2000; Subagio et al. 1996; Mercadante et al. 1997). 
  
Figure 2-60. HMBC spectrum at 600 MHz confirms the multiple-bond correlation between C-1 from fatty 
acid at (δ 173.61-173.69) with H-3 (δ 4.45-4.39) of ß-violaxanthin identified by means of 1/D, 2/D NMR 
experiments and HPLC-APCI-MS-MS mass spectrometry, in fraction 1 from an acetone extract of Baby 
Banana peels with hyperpigmentation (HP). 
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Figure 2-61. HSQC spectrum at 600 MHz confirms the single quantum correlation of two ester bonds  
at δ 78.42-80.40 with protons at δ 4.39-4.45, whose resonances could correspond to ester bonds 
between C-3 of ß-violaxanthin and C-1 of fatty acids.  
 
Figure 2-62. HPLC–APCI–MS-MS chromatogram (below) and contour-plot of fraction 1 obtained in a 
normal phase chromatography separation from the "acetone extract" of Baby Banana peels. Two peaks at 
25.4 and 25.5 min in the chromatogram represent two carotenoids in fraction 1 with absorptions between 
λ 400- 500 nm. 
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The mass spectrum in Figure 2-63 exhibited a quasimolecular ion ([M+H]+) at 
m/z 964 with two daughter peaks at m/z 655 and 347 as well as a low intensi-
ty peak at m/z 645.6 [M-H2O]+. The fragmentation yielded a base peak at m/z 
347.1 which represents two lauric acids (12:0) at m/z 182.5 [M-H2O]. The se-
cond most abundant fragment ion at m/z 655.3 [M+ H2O]+ depicted the cleav-
age of the 15, 15’ carbon-carbon bond with a loss of a water molecule at m/z 
290 [M-H2O]. Also, the peak at m/z 291 showed the second moiety of the vio-
laxanthin. As a confirmation, the low region of the spectrum showed the mo-
lecular mass of violaxanthin at m/z 581.3 [MH-18]+ that also could support the 
linkage of both fragmentation moieties at m/z 290. Therefore, the mass spec-
trum of HPLC-APCI-MS in positive mode indicated the presence of ß-
violaxanthin-di-laurate in fraction 1 derived from hyperpigmented Baby Banana 
peels (van Breemen et al. 2012) (Figure 2-64). 
In addition, the COSY and NOESY experiments supported the assignments il-
lustrated in Figure 2-65. 
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Figure 2-63. UV-spectrum of a violaxanthin-di-laurate recorded on line during the HPLC-APCI analysis by 
using a photodiode-array detector with three absorption maxima at 422, 446, 472 nm (above) and the 
mass spectrum with a quasimolecular ion at m/z 964 [M+H]+ (below), in fraction 1, from acetone extract 
of Baby Banana peels with hyperpigmentation (van Breemen et al. 2012; Kohler 1995).  
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Figure 2-64. Positive ion APCI mass spectra of violaxanthin-di-laurate (C 12:0, C 12:0) and the pattern of 
fragmentation. The data was in concordance with the literature (van Breemen et al. 2012; Breithaupt 
2004; Schweiggert et al. 2005). 
 
Figure 2-65. Relevant long-range HC-correlation in the HMBC, HSQC and COSY of (3S, 3 S’)-violaxanthin-
di-laurate (C 12:0;C 12:0) elucidated in fraction 1 and obtained by means of a normal phase 
chromatography from acetone extract of Baby Banana peels with hyperpigmentation. The data was in 
agreement with the literature (Englert et al. 1977).  
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The assignment of the isoprenoid chain between C-8 and C-8’ was not defined 
because of the overlap and low intensity of the olefinic carbons which belong to 
both of the carotenoids in fraction 1. Likewise, the occurrence of high intensity 
signals in 1H and 13C NMR spectra which correspond to one triterpenoid com-
pound hindered the complete elucidation of the carotenoids. The APCI-MS 
shows at m/z 423 the occurrence of a triterpenoid without UV absorption in the 
contour-plot of HPLC-photodiode-array. Nevertheless, it was clearly detected in 
the 1/D 1H NMR spectra (600 MHz) (Figure 2-66). 
 
Figure 2-66. 1H spectra at 600 MHz of the olefinic region of the carotenoids in fraction 1. The brakets 
gather the 1H resonances of each group of protons in the carotenoids according to the position in the 
isoprenoid chain between H-8 and 8’. The data was in agreement with literature (Molnár et al. 1997; 
Maoka and Akimoto 2011; Putzbach et al. 2005a; Putzbach et al. 2005b; Strohschein et al. 1997). 
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Likewise, the isomer cis-neo-ß-carotene was identified by the UV spectra on 
the basis of four absorption maxima at 335, 420, 443, 473 nm at a retention 
time of 25.3 min. In addition, the mass spectrum exhibited a quasimolecular 
ion m/z 537 which represents an isomer of ß-carotene, with a fragmentation 
pathway that showed the most abundant fragment peak at m/z 453.2 and rep-
resents the loss of methyl-cyclopentadiene [M-85] for cis-neo-ß-carotene. The 
fragment of m/z 413 in the positive mode APCI mass spectrum was formed by 
a loss of a ß-ionone moiety from the protonated molecule. In the low mass re-
gion of the mass spectrum, the fragment ion at m/z 256 results from the 
cleavage 15’, 14’-carbon-carbon double bonds. The results were in agreement 
with the literature data (van Breemen et al. 2012; Gross et al. 1973a;  
Lacker et al. 1999; Maoka et al. 2002; de Rosso and Mercadante 2007; Lut-
naes et al. 2003; Shaw and Apperley 1996) (Figures 2-67, 2-68).  
 
Figure 2-67. UV-spectra of cis-neo-β-carotene recorded on line during the HPLC-APCI analysis by using a 
photodiode-array detector at 25.3 min with four absorption maxima at 335, 420, 443, 473 nm (above) 
and mass spectrum with a base peak of m/z 537 [M+H]+ (below) in fraction 1 from the acetone extract 
of Baby Banana peels with hyperpigmentation (Gross et al. 1973a; Lacker et al. 1999; Maoka et al. 2002; 
de Rosso and Mercadante 2007). 




Figure 2-68. Schema of positive ion APCI mass spectral fragmentation of cis-neo–ß-carotene (15-cis) and 
the pattern of fragments according to literature data (van Breemen et al. 2012; Weller and Breithaupt. 
2003; Breithaupt and Schwack 2000; Subagio et al. 1996; Mercadante et al. 1997; Hu et al. 1997; 
Lacker et al. 1999; Tsukida and Saiki 1982). 
In the second peak with a retention time of 25.5 min, corresponding to the se-
cond violet board band in the contour-plot, an isomer 15-cis-ß-carotene was 
identified by HPLC-APCI-MS analysis (Figure 2-62). The photodiode array-UV-
visible absorbance depicted a spectrum with three absorption maxima at 335, 
448, 475 nm that revealed the characteristic spectrum of the isomer 15-cis-ß-
carotene in concordance with literature data. As additional confirmation, the 
mass spectrum exhibited a major ion of m/z 537 with a fragmentation usual 
for the ß-carotene (van Breemen et al. 2012; Hu et al. 1997; Lacker et al. 
1999) (Figure 2-69). 
The fragment ion of m/z 411.1 in positive APCI mode spectrum of 15-cis ß-
carotene was formed by loss of a ß-ionone moiety from the protonated mole-
cule and the fragmentation at the 9, 10 bond produced the ion of m/z 176.9. 
The cleavage of the 15, 15’ bond is represented as the ion m/z 251.0 which is 
a characteristic fragment of carotenoids. The data is in agreement with the lit-
erature (van Breemen et al. 2012; Gross et al. 1973a; Lacker et al. 1999; 
Maoka et al. 2002; de Rosso and Mercadante 2007; Tsukida and Saiki 1982) 
(Figure 2-70). 
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Figure 2-69. UV spectrum of 15-cis ß-carotene recorded on-line during the HPLC-APCI –MS analysis at 
25.5 min by using a photodiode-array detector with three maxima at 335, 448, 475 nm (above) and 
mass spectrum with a base peak of m/z 537 [M+H]+ (below) in fraction 1 from the acetone extract of 
Baby Banana peels with hyperpigmentation (Hu et al. 1997; Lacker et al. 1999). 
 
Figure 2-70. Schema of positive ion APCI mass spectral fragmentation of 15-cis ß-carotene and the 
pattern of fragments according to literature data (van Breemen et al. 2012; Weller and Breithaupt 2003; 
Breithaupt and Schwack 2000; Subagio et al. 1996; Mercadante et al. 1997; Hu et al. 1997; Lacker et al. 
1999; Kohler 1995). 
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2.1.9.1 Summary 
The photosynthetic tissue contain both chlorophylls and carotenoids which are 
confined to the photosynthetic organelles and they are present in the chloro-
plasts of higher plant and algae, where they play an important role in relation 
with the photosynthesis. Although there are minor quantitative and qualitative 
variations, the major pigment components are always ß-carotene, lutein, vio-
laxanthin and neoxanthin. Quantitative results show that while ß-carotene is 
always the major carotene, β-carotene occurs sporadically in small amounts. 
Lutein is always the major xanthophyll present. In essence, the carotenoids in 
the photosynthetic tissue of higher plants resemble the chlorophylls which ex-
ist together as chlorophylls a and b with no variants. Taxonomically this can 
mean only that all higher plants are derived from the same common ancestor 
(Swain 1966; Goodwin 1964). 
In flowers and fruit a variability of carotenoids is found which have been stud-
ied broadly. Carotenoids in fruits were divided into seven main groups (Good-
win et al. 1964) according to:  
• Those which produce insignificant amounts of carotenoids,  
• Those which produce the usual chloroplast carotenoids,  
• Those in which there is a marked synthesis of the acyclic carotene lyco-
pene,  
• Those which produce large amounts of ß-carotene and/or its derivatives 
such as cryptoxanthin and zeaxanthin,  
• Those that synthesize large amounts of epoxides,  
• Those that synthesize large amounts of unique pigments such as cap-
santhin, rubixanthin, rhodoxanthin,  
• Those which synthesize mainly poly cis-carotenes, such as pro-γ-
carotene and prolycopene. 
According to the review above, the Baby Banana peels distribution of the ca-
rotenoids identified in the current research obey the classification of those 
2.  RESULTS AND DISCUSSION 
 124
which produce large amounts of ß-carotene and/or its derivatives, such as 
cryptoxanthin and zeaxanthin.  
The carotenoids of the banana (Musa Cavendish) pulp and peels were investi-
gated separately without saponification (Gross et al. 1976), and the identifica-
tion was based on chromatographic and spectrophotometrical properties, 
chemical test and co-chromatography with pure, authentic pigments. The ma-
jor pattern of pulp carotenoids is α-carotene (31%), β-carotene (28%) and lu-
tein (33%), which appeared in equal parts of diester, monoester and the free 
form. In banana pulp it seems that a massive synthesis of β-carotene takes 
place which may subsequently be transformed into lutein undergoing further 
esterification. β-Carotene is partially isomerized and oxidized to a much lesser 
extent. It is noteworthy that a third of the total amount of lutein is still free in 
the mature fruit and no epoxides of lutein are found. The peel carotenoid con-
centration was low (5-6µg/g fr.wt). The main discernible pattern in the peel 
was the following: α-carotene (7%), β-carotene (14%), 3-Hydroxy-α-­‐carotene 
ester (2%), cryptoxanthin ester (5%), total lutein (56% diester, monoester 
and free 1:2:1), isolutein, chrysanthemaxanthin, violaxanthin and neoxanthin 
(2-4%) appearing both free and esterified. The concentration of β-­‐carotene 
was much lower than in the pulp. 
The quantitative changes of carotenoids pattern in the peel of banana during 
ripening reported that the level of total carotenoids decreased to its half at col-
or break and subsequently again increased in the ripe fruit reaching virtually 
the initial level of the green fruit. The carotenoids pattern was that of the chlo-
roplast in both unripe and ripe fruit. In the ripe fruit an additional monol frac-
tion in small amounts was detected. During ripening, the main pigments un-
derwent the same concentration changes as those shown in the ripening curve, 
a mechanism not encountered in other fruit. The xanthophylls underwent 
gradual esterification. The occurrence of the minimum in the ripening curve as 
well as the gradual esterification of the xanthophylls may be correlated with 
ultrastructural changes from chloroplasts into chromoplasts (Gross and Fluegel 
1982). 
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A second study of carotenoids and their fatty-acid esters in Banana peels was 
reported (Subagio et al. 1996; Subagio et al. 1997). The carotenoids were first 
separated on an alumina column into five fractions, of which each was further 
subfractionated by HPLC with different kind of solvents. Only one fraction of 
the five obtained was analyzed by LC-MS due to the low concentration of ca-
rotenoids collected in the fractions. Additionally, the fatty acids from the carot-
enoids esters were identified by GLC. The carotenoid content of the banana 
peel was in the range of 3-4 µg per gram as lutein equivalent, and lutein, ß-
carotene, β-carotene, violaxanthin, auroxanthin, neoxanthin, isolutein, b-
cryptoxanthin and β-cryptoxanthin were identified. The characterization of ca-
rotenoids and their fatty-acid esters in banana peels showed that the patterns 
are quite different from those of carrots and tomatoes in which carotenoids of 
the β-carotene category are dominant. This suggests that the carotenoid plas-
tid in banana peel is a gerontoplast, which is a kind of chromoplast developed 
from a chloroplast, whereas those of tomatoes and carrots are real chromo-
plast. As the chlorophyll is degraded during ripening, the structure of aged 
chloroplasts resembles chromoplasts. 
The amount of oxygenated carotenoids esterified by fatty acid was 38% of the 
total carotenoids, or more than 51% of total oxygenated carotenoids. The ma-
jor fatty acids as esterified forms were myristate, laurate, palmitate and 
caprate. In addition, lutein, as the major oxygenated carotenoid, was pre-
sumed to be in the 4:2:1 ration of free lutein, lutein monoester and lutein 
diester, differing from the 1:2:1 ratio described previously (Gross and Fluegel 
1982). The degree of ripening influenced the amount of carotenoid fatty acid 
esters and the free/ monoester/ diester ratio of lutein. In green bananas, the 
OH groups of carotenoids were not esterified; in greenish-yellow bananas, half 
of them were esterified; and in fully yellow bananas almost all OH groups were 
esterified. During ripening, chloroplast thylakoids membranes were degraded 
gradually, and released fatty acids. It then seems likely that the oxygenated 
carotenoids would be gradually esterified by the released fatty acids (Gross et 
al. 1973ab; Gross et al. 1976; Gross and Fluegel 1982). 
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Carotenoids in fruits have been extensively studied due to the functional prop-
erties and diversity of application in the food industry. Hence, their isolation, 
identification and quantification will be always a current topic of research now-
adays. Certainly, a combination of liquid chromatography/UV-visible absorption 
spectroscopy by photodiode-array detector (PAD) and atmospheric pressure 
chemical ionization mass spectrometry (LC-PDA-APCI-MS) is a relevant sup-
port when the identification and quantification of carotenoids are performed in 
fruits and other sources of carotenoids (van Breemen et al. 1996; van 
Breemen et al. 2012; Maoka et al. 2002; Lacker et al. 1999). 
Additionally, a summary of carotenoids in amazonian fruit and carotenoids 
books have been issued during the last years and this information is an im-
portant database for the researcher of carotenoids (Britton et al. 2004; 
Rodríguez-Amaya 2001; Mercadante et al. 1997, Mercadante et al. 1998, de 
Rosso and Mercadante 2007). 
Carotenoids ester in vegetable and fruits have been reported by Breithaupt and 
co-workers during the last years and their identification and quantification by 
LC-APCI-MS are an essential database for analysis of carotenoids ester 
(Breithaupt and Schwack 2000; Breithaupt and Bamedi 2001; Weller and 
Breithaupt 2003). 
Isolation of carotenoids from spinach and sweet corn by high-speed counter-
current chromatography (HSCCC) were reported by Aman and co-workers re-
ported (all-E)-lutein and (all-E)-zeaxanthin were characterized by 1H NMR 
spectroscopy, by LC-APCI-MS in positive ionization mode, and by UV-vis spec-
troscopy. In addition, neoxanthin, violaxanthin and ß-carotene as well as chlo-
rophylls a and b were also considered (Aman et al. 2005b). 
 
 
2.  RESULTS AND DISCUSSION 
 127
2.1.10 4-Epi-cycloeucalenone and 4-Epi-cyclomusalenone 
Lyophilized banana peel (17.7 g) was extracted 3 times on 3 successive days 
with n-hexane at room temperature to give an extract (4 g). Then preparative 
High Speed Counter-current chromatography was applied. Hence, 1 g from the 
total n-hexane phase extract was injected by using a solvent system (n-
hexane/ MeOH) in a 2:1 mixture of upper and lower phase, in order to yield 13 
fractions (Figure 2-71).  
Preparative HPLC was performed to F7 (15.4 mg) and F10 (32.2 mg) with an iso-
cratic system of 100% MeOH as a result of studying the HPLC-DAD analysis (cf. 
4.2.1.6.3). Preparative HPLC of fraction F10 yielded three fractions and F3 (3.9 mg) 
contained two positional isomers 4-epicyloeucalenole and 4-epicyclomusalenone 
which were identified by NMR spectroscopy (see Table 2-16). 
 
Figure 2-71. HSCCC chromatogram of Baby Banana n-hexane phase extract (1.0 g) in elution mode with 
a solvent system (n-hexane/MeOH), (2:1). Two positional isomers, 4-epicycloeucalenole and 4-
epicyclomusalenone were isolated from fraction 10. 
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After the separation of fraction 10 by using reversed phase HPLC three frac-
tions were obtained which were monitored and duplicated on TLC silica gel and 
RP-18. Two violet bands were observed after using anisaldehyde corresponding 
to silica gel; and two blue color bands were detected corresponding to RP-18 in 
fraction 3 (Figure 2-72).  
 
Figure 2-72. TLC plate of silica gel (left) and RP-18 (right) of fraction 3. The bands show the characteristic 
violet color 10of a triterpenoid on silica gel and blue color on RP-18. The peak contained 3.9 mg of 4-
epicyloeucalenole and 4-epicyclomusalenone isomers elucidated by NMR spectroscopy (cf. 4.3.2).  
The elucidation of a structure with two 3-oxo-28-norcycloartanes in fraction 10 
was based on the identification of a quaternary carbon with a 13C chemical shift 
of δ 213.5 that corresponds to C-3, with additional 13C-DEPT resonances of 
methyl groups at δ 19.3-10.8-18.1 linked to C-30-29-18, respectively, in the 
cycloartenol-backbone. The combined use of homonuclear and heteronuclear 
two dimensional NMR provided support to establish the arrangements of the 
cycloartenol-backbone, which was elucidated at the same time, with the side-
chain relevant fragments of the structure and identified as a cycloartane-type 
triterpenes (Figures 2-73, 2-74). The data was in agreement with those pub-
lished in the literature (Akihisa et al. 1997).  
The occurrence of two 1H signal(s) at δ 4.67 and 4.72, associated with the 
presence of a double bond in C-24 (1A) and C-25 (1B) as well as the side chain 
1H signals (H-21, H-22, H-25 H-26, H-27, H-24) in the 1H, HMBC, HSQC, COSY 
spectra, confirm the difference between the stereoisomers, whereas those 
related to the skeleton are agreeing well in both structures (Figure 2-74; Table 
2-16). 
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The 13C NMR spectrum (Table 2-16) indicated that the structure has thirty car-
bon atoms in the molecule, including a carbonyl group at δ 213.5 (C-3); four 
olefinic carbons at δ 156.8 (C-24; CH); δ 150 (C-25; CH); δ 106 (C-28)- 
(CH2); δ 109.4 (C-27; CH2) and complementary, seven methyl groups (Lago et 
al. 2000). The predominant components in the fraction 10 were elucidated as 
4-epicycloeucalenole (1A) and 4-epicyclomusalenone (1B) (Figures 2-74, 2-73) 
(Akihisa et al. 1997).  
 
Figure 2-73. 13C NMR spectrum of the isomers 4-epicycloeucalenone and 4-epicyclomusalenone and the 
identification of side chain relevant double bonds and keto-functions (Above); HSQC and HMBC 
correlation in the cycloartenol-backbone of isomers 4-epicycloeucalenone and 4-epicyclomusalenone in 
fraction 10 from Baby Banana peel n-hexane extract fractionated by HSCCC (Below) (Oliveira et al. 2006; 
Akihisa et al. 1986; Knapp and Nicholas 1969a). 
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Table 2-16 1H and 13C NMR data and correlations observed in HSQC for 4-epicycloeucalenole (1A) and 4-
epicyclomusalenone (1B) isolated from fraction 10 applying HSCCC separation on Baby Banana peel 
hexane extract (Akihisa et al. 1997). 
Assignment  δ1H (ppm) 
 
δ13C (ppm) 
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Figure 2-74. Relevant structure 2-3J-CH long–range correlation (HMBC) and (HSQC) in the side chains of 
4-epi-cycloeucalenole (1A) and 4-epicyclomusalenone (1B, above). Cycloartenol-backbone (below, 
middle) and isomers of the 4-epi-cycloeucalenole (1A) and 4-epicyclomusalenone (1B, below) isolated 
from fraction 10 of a hexane extract from Baby Banana peels (Oliveira et al. 2006; Akihisa et al. 1986; 
Knapp and Nicholas 1969b). 
 
The resulting purified fraction showed under LC-APCI-MS conditions (cf. 4.2.2) 
a single peak in the chromatogram at 20.7 min which corresponds to a 
quasimolecular ion at [M+H]+ m/z 425, accompanied by two fragments at m/z 
341.3 [M+-C6H13] and 219.3 [M+-C9H14] (Figure 2-75). As additional infor-
mation, the pattern of fragmentation is depicted in the schema of positive 
APCI-MS-MS spectrum in order to support the identification of 3-oxo-28-
norcycloartane-type triterpenes (Akihisa et al. 1997) (Figure 2-76).  















50 100 150 200 250 300 350 400 450 500 550 m/z
 
Figure 2-75. APCI-MS spectra of 3-oxo-28-norcycloartane-type triterpenes with their 4-β-methyl-epimers 
which confirm the structure of 4-epi-cycloeucalenole and 4-epicyclomusalenone isolated in fraction 10 
from a hexane extract of Baby Banana peels.  
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Figure 2-76. Schema of positive ion APCI-MS fragmentation of 3-oxo-28-norcycloartane-type triterpenes 
with their 4-β-methyl-epimers which confirm the structure of the 4-epi-cycloeucalenole and 4-
epicyclomusalenone (Akihisa et al. 1997). 
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2.1.11 ß-Sitosterol 
Fraction 7 (15.4 g) was obtained from the HSCCC separation of a n-hexane 
extract from Baby Banana peels. 1 g was purified with preparative reversed 
phase HPLC by using an isocratic system (MeOH 100%, flow rate 6 mL/min, 
Phenomemex Luna column (5µ, 250 x 10 cm). The separation yielded 13 frac-
tions which were monitored by RP-18 with 100% MeOH (cf. 4.2.1.7.2). Two 
fractions (5 and 6) showed a blue band when the plate was developed with 
anisaldehyde reagent. Consequently, the 2.0 mg recollected from the fractions 
5 and 6 were submitted to 1/D and 2/D NMR experiments (Figure 2-77). 
  
Figure 2-77. RP-18 TLC screening under white light and developed with anisaldehyde from the 
fractionation of HSCCC fraction 7 (15.4 g). The blue band in TLC showed that fraction 5 and 6 contained 
2 mg of a pure compound which was submitted to 1/D and 2/D NMR experiments.  
According to 1/D and 2/D NMR experiments, ß-sitosterol was detected in frac-
tion 7 and the assignments were summarized in Table 2-17. The application of 
HSQC and HMBC experiments supported the presence of six methyl groups  
(C-29, 27-26-21-19-18) together with 13C resonance at δ 71.7, that depicted 
the hydroxyl group with the characteristic 1H signal at δ 3.53. The presence of 
both an olefinic chemical shift at δ 121.6/5.34 and a quaternary carbon at δ 
140.7 enabled to conclude that the steroid in the fraction corresponded to ∆5-3 
hydroxyandrosterone. The COSY experiment established significant and rele-
vant information in order to elucidate the side chain of the structure between 
the methyl, methines and methylenes groups which confirmed the structure 
(Figure 2-78). 
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Table 2-17. 1H and 13C spectroscopic data of ß-sitosterol elucidated in fraction 7  
(Sohn et al. 2009; Seo et al. 1986; Kovganko et al. 1999). 
Assignment 
 
δ13C (ppm) δ1H (ppm) 
C-1 37.2 1.84-1.0 
C-2 31.6 1.85-1.5 
C-3 71.7 3.53(m) 
C-4 42.2 2.22- 2.29 
C-5 140.7 --- 
C-6 121.6 5.34(m) 
C-7 31.8 1.98-1.53 
C-8 31.9 1.24 
C-9 50.0 0.92 
C-10 36.5 --- 
C-11 21.0 1.48-1.44 
C-12 39.74 1.14-2.0 
C-13 42.2 --- 
C-14 56.6 0.98 (dd) J=2.1 J=6.3 
C-15 24.3 1.56-1.05 
C-16 28.2 1.24-1.83 
C-17 55.9 1.08 (m) 
C-18 Met(18)–11.7 0.67(s)3H 
C-19 Met(19)–19.4 1.01(s)3H 
C-20 36.1 1.34 
C-21 Met(21)–18.7 0.92(d) J=6.6 
C-22 33.8 1.0 /1.3 
C-23 26.0 1.14 (m) 
C-24 45.7 0.9 (d) J= 6.5 Hz 
C-25 29.0 1.21 
C-26 Met(26)19.8 
0.83(dd) (5H) 
J = 2.2, J=7.2 
C-27 Met(27)–19.0 0.80(d) J= 6.8 (3H) 
C-28 22.9 1.24-1.19 
C-29 Met(29)-11.8 0.84(m) 
2.  RESULTS AND DISCUSSION 
 136
The analysis of the mass spectrum was done by atmospheric pressure chemical 
ionization coupled with HPLC.(cf. 4.2.2.2) A base peak at m/z 397.6 [M-CH3] + 
at 21.3 min was observed that corresponds to the m/z 414 of the ß-sitosterol, 
with a pattern of fragmentation consistent with steroids. Once it was confirmed 
in the spectrum that the base peak at m/z 397.6 [M-CH3]+ could correspond to 
a steroid, the fraction was monitored by TLC chromatography and reversed 
phase HPLC was performed (Figure 2-79) (cf. 4.3.2.2; 4.2.1.7.2). 
The mass spectrum showed a fragmentation typical for ∆5-androstene with 
fragment ions at m/z 306.6; 146.3 and 85.4 (Figure 2-80). The loss of ring D, 
when the unsaturation at C-22 of the side chain occurred, yields the fragment 
ion at m/z 306.6 and, consequently, two additional fragments at m/z 146.3 
and 85 were observed in the spectrum. A second pattern of fragmentation has 
been suggested in concordance with the spectrum in its upper part in agree-
ment with the characteristic profile of fragmentation for ∆5-sterol (Figure 2-81). 
 
Figure 2-78. Chemical structure of ß-sitosterol according to HSQC, HMBC experiments (black arrows) and 
relevant COSY correlation both in the side chain and in the steroid skeleton of the structure (red arrows).  
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Figure 2-79. APCI spectrum (positive mode) of fraction 7 from HSCCC with ß-sitosterol at m/z 397.6  
[M-CH3] + together with an impurity of chlorophyll derivatives at m/z 874 at 21.4 min.  
 
Figure 2-80. Schema of the characteristic fragmentation for ∆5-sterols according to the APCI mass 
spectrum shown in Figure 2-79 (Kobayashi et al. 1993; Martinez 2002; Williams et al. 1963)  
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Figure 2-81. Schema of the characteristic pattern of fragments for ∆5-sterols according to the mass 
spectrum shown in Figure 2-79 (Kobayashi et al. 1993 and Williams et al. 1963; Martinez 2002;Oliveira 
et al. 2006). 
2.1.11.1  Summary 
The first studies of sterols and triterpenes in banana peel have been reported 
by Knapp and Nicholas during the years 1969 and 1971. Sterols and triter-
penes were identified as ß-sitosterol, stigmasterol, campesterol, cycloeuca-
lenol, cycloartenol, and 24-methylene cycloartenol. In addition, 24-methylene 
cycloartenoyl palmitate was identified by gas chromatography (GC) and com-
bined gas chromatography-mass spectrometry (GC-MS). 
During the research the biosynthesis of phytosterols in Musa sapientum was 
investigated. Banana peel is a rich source of triterpenes and it was postulated 
that triterpenes are biosynthetic intermediates of the phytosterols. As experi-
mental procedure, the incubation of banana peel slices with 2-14C-mevalonic 
acid for varying time intervals represented a means to study the turnover of 
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squalene, triterpenes, triterpene esters and phytosterols. As conclusion of the 
studies, the conversion of ß-sitosterol to stigmasterol was reported. 
 In addition the conversion of cycloeucalenol to the phytosterols was observed 
after removal of the 4α-methyl group by four steps. These are the opening of 
cyclopropane ring, isomerization of the double bond, removal of the C-14 me-
thyl group and alkylation at C-24. Therefore, obtusifoliol, 24-
methylenelophenol and 24-ethyldienelophenol or similar triterpenes undoubt-
edly are formed during this series of transformations. Neither mass peaks nor 
radioactive metabolites with retention times similar to these triterpenes had 
been detected in banana peels. They do not accumulate in this tissue or if 
formed during phytosterol biosynthesis in banana peels, they must represent 
short-lived, enzyme-bound intermediates.  
The cycloeucalenyl and 24-methylenecycloartenyl palmitic acid esters were 
identified and complementary the distribution of radioactivity between the in-
dividual esterified triterpenes and free triterpene alcohols was analyzed. As a 
conclusion, it was demonstrated that the labeling in esterified triterpenes la-
beled with 2-14C-mevalonic acid was different than the distribution in the free 
triterpene alcohols. Besides, the triterpene ketone 31-norcyclolaudenone (cy-
clomusalenone) was isolated from banana peels and it was the first report that 
supported the occurrence of two isomers together with the cycloeucalenone in 
banana peels. Thus, the concomitant formation of the alcohol of one isomer 
and the ketone of the other may reflect some type of biochemical control 
(Knapp and Nicholas 1969a; Knapp and Nicholas 1970a, 1970b; Knapp and 
Nicholas 1971a, 1971b). 
Two new acyl steryl glycosides, sitoindoside-III and sitoindoside-IV and two 
new steryl glycosides, sitosterol gentiobioside and sitosterol myo-inosityl-ß-D-
glucoside were isolated by gradient solvent extraction and extensive chroma-
tography (Column Chromatography (CC), preparative TLC, GC and HPLC) from 
peeled fruits of Musa paradisiaca. The compounds were characterized by IR, 1H 
NMR and GC mass spectra. Additionally, seasonal variations of the total ster-
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ols, free sterols, steryl esters, steryl glycosides and acyl steryl glycosides in 
the active samples of banana have been analyzed. Anti-ulcerogenic activity of 
the extracts has been observed (Ghosal, 1985). 
Fatty acids and sterols are the major products present in the dichloromethane 
lipophilic extract of “ Dwarf Cavendish” cultivated in Portugal, representing ca. 
33-66% and 12-43 %, of the total amount of lipophilic components. By gas 
chromatography-mass spectrometry the lipophilic extracts from different mor-
phological parts of banana plant, (petioles/ midrib, leaf blades, floral stalk, leaf 
sheaths and rachis) were analyzed. The five different morphological fractions in 
study have a similar qualitative chemical composition. Among all the identified 
compounds, campesterol, stigmasterol, sitosterol, and fatty acids, such as 
palmitic, stearic, linoleic, linolenic, 22-hydroxydocosanoic, 24-hydroxytetra-
cosanoic and 26-hydroxyhexacosanoic acids, were the major components in all 
morphological zones. Other compounds, such as aromatic compounds, fatty 
alcohols and alkanes were also identified. It is remarkable that the fatty alco-
hols were reported for the first time in the study which represents only a small 
fraction of the total lipophilic extract (Oliveira et al. 2006). 
A triterpene elucidated as 31-norcyclolaudenone from the corm of a wild bana-
na from Philippines (Musa errans) was reported and squalene as well as a mix-
ture of stigmasterol and sitosterol were identified by means of HPLC analysis. 
Also antimicrobial tests were performed and low antimicrobial activity was re-
ported for the triterpenes (Ragasa et al. 2007). 
The cycloartane-type triterpene elucidated as 4-epi-cycloeucalenole and 4-epi-
cyclomusalenone as well as the ß-sitosterol isolated from the baby banana 
peels by HSCCC could be used as standards to enable the identification of ad-
ditional phytosterols in the fractions. According to 1/D NMR spectrum and the 
HPLC-APCI-MS data more triterpenes and phytosterols occur in the fractions. 
Moreover, the methanol extract from baby banana peels with hyperpigmenta-
tion depicted a major amount of triterpenes than the control. 
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2.1.12  Pheophytin-a 
In the search of chlorophylls and derivatives from Baby Banana peels using 
HSCCC a pheophytin could be identified as a first derivative by means of HPLC-
APCI-MS-MS at m/z 872. The turquoise color of the pheophytin was observed 
in those fractions corresponding to elution mode in the first separation of 
HSCCC from the hexane phase extract of Baby Banana peels using a solvent 
system Hexane/MeOH [2:1]. The occurrence of derivatives of chlorophylls were 
confirmed when the fractions were monitored by RP-18-TLC with 100% ACN as 
mobile phase and the characteristic red fluorescence at 366nm was depicted 
on the plate. However, the APCI mass spectrum showed that the chlorophylls 
derivatives were not isolated and, consequently, additional experiments were 
performed as described below (Figure 2-82). 
 
Figure 2-82. First separation from Baby Banana peels by means of HSCCC with a solvent system 
Hexane/MeOH [2:1] in elution mode. Fractions 5 and 7 showed in elution mode the occurrence of 
chlorophyll derivatives. Pheophytin a was identified in fraction 7 by means of HPLC-APCI-MS-MS. 
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A second separation of 1.65 g of the Baby Banana peel extract was performed 
by changing two parameters, in order to optimize the separation condition. The 
first condition has relation with the mobile phase which was switched from 
methanol to acetonitrile (ACN) to accelerate the elution of compounds. The 
ACN elution coefficient was 0.65 instead of 0.95 in MeOH. Consequently, the 
elution is faster and the first peak elutes after 40 min instead of 150 min in the 
case of MeOH. 
The second parameter is the application of the extrusion mode after perform-
ing the elution mode. This new parameter allowed to fractionate the coil after 
the elution mode. Thus, elution with hexane forces the separation of the non-
polar compounds (cf. 4.2.3). The fractions of elution and extrusion modes were 
recollected and the number of peaks and fractions demonstrated that the ex-
trusion procedure was successful, as the coil volume got fractionated. Subse-
quently, six fractions in elution and seven fractions in extrusion mode were an-
alyzed by means of HPLC-APCI-MS-MS and monitored by TLC technique. Frac-
tion 1, eluted in extrusion mode, depicted chlorophylls derivatives (cf. 4.2.2.4; 
4.3.2).  
 
Figure 2-83. Second separation from Baby Banana peels by means of HSCCC with a solvent system 
ACN/MeOH [1:1] in elution and extrusion mode. Chlorophylls derivatives were identified by HPLC-APCI-
MS-MS and TLC technique in fraction 1 of the extrusion mode. 
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The semipreparative HPLC separation on a RP 18-column was carried out to 
fractionate 8.8 mg of fraction 1.(cf. 4.2.1.7.2) 1.5 mg of purified pheophytin a 
were obtained and the result confirmed by HPLC- APCI-MS-MS at m/z 872 
[M+H]+ (Figure 2-84) (cf. 4.2.2.1). 
This amount (1.5 mg) was suitable for the analysis of NMR proton spectra of 
pheopythin a at 600 MHz in CD2Cl2 but not enough for 13C NMR and 2/D NMR 
experiments. The chemical shift and assignments (Table 18) and the confirma-
tion of the structure was performed by comparison with previous reports 
(Smith et al. 1984; Islam et al. 2008; Abraham et al. 1982) (Figure 2-85). 
 
Figure 2-84. APCI mass spectra of 1.5 mg of pheophytin a isolated by a preparative RP-18 –HPLC from 
fraction 1 (extrusion mode of HSCCC). The peak with a retention time of 22.1 min at m/z 872 [M+H]+ 
corresponds to pheophytin a in concordance with literature data (Van Breemen et al. 1991a, 1991b; 
Hyvärinen and Hynninen 1999). 
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Figure 2-85. 600 MHz proton NMR spectrum of pheophytin a, 1.5 mg in CD2Cl2 purified from fraction 1 
(extrusion mode of HSCCC separation) by means of preparative RP-18-HPLC (Smith et al. 1984). 
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Table 2-18. Proton chemical shift (δ) of pheophytin a isolated from Baby Banana peels by HSCCC and 
preparative RP-18 HPLC in concordance with the literature data (Smith et al. 1984). 
 
Proton  δ 1 H (ppm) 
Meso ß 9.71 
Meso α 9.39 
Meso δ 8.55 
Vinyl=CH 8.12 
Vinyl H- t 6.23 






ß 5-Me 3.60 
ß 1-Me 3.34 
ß 3-Me 3.29 
CH2 H-7a 2.60 
CH2 H-7a’ 2.43 
CH2 H-7b 2.43 
CH2 H-7b’ 2.04 
8- Me 1.77 





P-5/P-15 (CH2,CH2) 1.0-1.2 
P-7a, P-11a 0.85 
P-15a, P-16 (Me) 0.81/0.79 
P: Phytyl 
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Figure 2-86. Chemical structure of pheophytin a according to 1 H chemical shift reported  
in the literature (Smith et al. 1984).  
For acquiring a sufficient amount of pheophytin a to elaborate the  
13C NMR spectra, the methanol extract of Baby Banana peels was studied (cf. 
4.3.1.1; 4.3.4). It was expected to identify more quantities of chlorophyll and 
chlorophylls derivatives in this extract. Hence, two HSCCC separations from 
Baby Banana peels corresponding to a methanol extract, using 1.19 g for the 
first separation and 604 mg for the second one, were performed. Two chroma-
tograms were obtained with a high level of accuracy and reproducibility. It was 
possible to recollect from both separations 8 fractions in elution mode and 7 
fractions in extrusion mode (Figure 2-87). 
TLC chromatography and HPLC-APCI–MS-MS identified pheophytin a in fraction 
6 of extrusion mode, in both of the HSCCC separations. Thus, the quantifica-
tion of the fractions 6 in extrusion mode yielded 4 mg of pheophytin a corre-
sponding to the first HSCCC separation, and 12.34 mg of pheophytin a from 
the second HSCCC separation. 
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Figure 2-87. HSCCC chromatograms of two separations of a methanol extract of Baby Banana peels using 
a solvent system of hexane/MeOH/water/EtOAc (10:10:1:1). Fractions 6 in the extrusion mode from both 
chromatograms were collected to isolate 3.3 mg of pheophytin a. 
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However, pheophytin a was detected together with triterpenoids in the 16.34 
mg sample recollected from both fractions 6 of extrusion mode by means of 
TLC chromatography which showed the characteristic band of triterpenoids to-
gether with the bands of pheophytins. For this reason, additional separations 
by normal phase chromatography with silica gel and subsequent HPLC RP-18 
preparative separation were necessary (cf. 4.3.4). 
In this way, it was possible to obtain 3.3 mg of purified pheophytin a and 1/D 
and 2/D NMR experiments were recorded in CDCl3 successfully in order to es-
tablish the complete assignment of 13 C chemical shifts of pheophytin a of Baby 
Banana peels (Lötjönen and Hynninen 1983) (Figure 2-88). 
Table 2-19 depicts the 13C chemical shifts of pheophytin a purified from Baby 
Banana peels according to the chemical structure reported in the literature by 
Lötjönen and Hynninen (1983) (Figure 2-88). The HSQC, HMBC and COSY ex-
periments were used as support when assignments showed relevant differ-
ences in contrast with the literature data (Figure 2-89).  
The variation of the 1H NMR data of chlorophyll a and pheophytin a by differ-
ents solvents, e.g. acetone-d6, methanol-d4, tetrahydrofuran-d8 and CDCl3 
(Smith et al. 1984) has been reported in the literature. Figure 2-89 shows the 
13C and COSY spectra of the NMR experiment of 3.3 mg of purified pheophytin 
obtained from a methanol extract of Baby Banana peels.  
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Figure 2-88. Chemical structure of pheophytin a isolated from Baby Banana peels  
(Lötjönen and Hynninen 1983). 
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Table 2-19. 13C chemical shifts of pheophytin a (3.3 mg in CDCl3) from a Baby Banana peels methanol 






































18 172.2 α	   97.5 




































2.  RESULTS AND DISCUSSION 
 151
 
Figure 2-89. 13C NMR (above) and COSY spectra (below) of 3.3 mg of purified pheophytin a from Baby 
Banana peels in CDCl3. The 2/D NMR spectra supported the 13C chemical shift assignments depicted in 
Table 2-19.  
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2.1.13  Summary 
The attempts to isolate chlorophylls by the application of HSCCC with the re-
current result of finding pheophytin as the major derivative of chlorophylls 
draws some questions: Where are the chlorophylls? Why it is so recurrent to 
find pheophytin a in the extraction samples, when a HSCCC preparative tech-
nique was applied? In fact, the finding of pheophytin as major chlorophyll de-
rivative prompted us to closer check the isolation and separation conditions: 
- How does the pheophytinization occur and how can it be delayed? 
- Can the extraction method play a relevant role in the pheophytinization? 
- Is it appropriate to recycle the solvent system already used in the previous 
HSCCC separation? 
- With a sample amount of 1000 mg being injected in the first HSCCC separa-
tion and 427.4 mg being recovered in the mobile phase during the elution 
mode, where is the rest 572.6 mg? 
A review of data from the literature on chlorophyll isolation by HSCCC was rel-
evant to test other solvent systems to find answers for these questions. A 
method for the isolation of chlorophylls from spinach by countercurrent chro-
matography was developed by Jubert and Bailey (2007) at Oregon State Uni-
versity. Here, chlorophyll a and b were separated by the application of a sol-
vent system consisting of heptane/ethanol/acetonitrile/water [10:8:1:1]. The 
confirmation of the chlorophyll purity was carried out by reversed-phase HPLC 
in comparison with authentic standards monitored with FAB-MS in positive 
mode.  
132-hydroxy-(132-S)-pheophytin-a from leaves and steams of Amaranthus tri-
color was isolated by HSCCC using a solvent system n-hexane/methanol [2:1]. 
The structural characterization of pheophytin a was performed by 1/D and 2/D 
experiments and a supplementary ESI-LC-MS mass-spectrometric analysis was 
applied to confirm the chemical structure (Jerz et al. 2007). 
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Indeed, not more reported literature in relation with the isolation and charac-
terization of chlorophylls and their derivatives by High Speed Countercurrent 
Chromatography was found. Moreover, there exist no reports in relation with 
the characterization of chlorophylls in Baby Banana peels. For these reasons, 
the circumstances mentioned above forced the huge compromise, in this 
stage, to find answers by means of new paths. A new chapter was opened in 
order to establish an experimental design where a variety of factors could indi-
cate the lack of occurring chlorophylls in the Baby Banana peels separation by 
HSCCC. 
This new chapter was defined as the optimization of a solvent system for the 
separation of chlorophylls and derivatives by means of High Speed Countercur-
rent Chromatography in Baby Banana peels, spinach and grass. 
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2.2 Optimization of the solvent system for the separation of 
chlorophylls and derivatives by means of High-Speed 




2.2.1 Experimental Design 
In order to study the phenomenon of hyperpigmentation in Baby Banana peels 
it was assumed that this could be related to the degradation of chlorophylls in 
the peels during the first stages of ripening. For this reason, it was essential to 
isolate the chlorophylls and their derivatives by means of HSCCC and thus to 
analyze the behaviour of the chlorophyll degradation during the postharvest of 
the fruits in the green stage of ripening.  
During the first separations of Baby Banana peel extracts by HSCCC, pheo-
phytin a was isolated instead of chlorophyll a, which demonstrated that the 
chlorophylls underwent the loss of magnesium to produce the respective pheo-
derivative. 
Methodological difficulties had obviously hampered the isolation of chlorophylls 
and consequently it was necessary to propose an experimental design, which 
allowed the evaluation of different methodological factors that could cause the 
pheophytinization of the extracts, such as: 
1. Extraction method (EM). 
2. Type of sample (TS). 
3. HSCCC solvent system (SS). 
The response and the effects of the interactions between the three relevant 
factors mentioned above could evaluate the HSCCC separation in relation with 
target compounds, in the current research, the isolation of chlorophylls a, b 
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and their derivatives as well as the estimation of the HSCCC separation accord-
ing to the amount of sample load recovered in the elution and extrusion mode.  
To estimate the HSCCC separation the yield of recovered sample was calculat-
ed in relation with the amount of sample load. It means that the yield could be 
quantified as the milligrams recovered in the stationary phase in relation with 
the total sample load (expressed in percentage). 
Subsequently, the first factor to examine consisted in the design of an extrac-
tion method which delayed the pheophytinization. According to literature data 
this is possible by handling of the sample with N,N-dimethylformamide satu-
rated with MgCO3, and besides obtaining the elimination of the occurring lipids 
in the green phase with hexane. The elimination of phenols was performed by 
washing the green phase with an additional hexane and diethyl ether step in 
the presence of Na2SO4 (cf. 4.3.1.2) (Minguez-Mosquera and Garrido-Fernandez 
1989; Jubert and Bailey 2007). 
Once tested with spinach, the extraction method proposed by Minquez-
Mosquera and Garrido-Fernández clearly enabled the separation of the chloro-
phylls. Chlorophyll a and chlorophyll b were detected by thin layer chromatog-
raphy TLC (silica gel, solvent system: petroleum ether /acetone/ dietylamine 
[10/4/1]) (Figure 2-90) (cf. 4.3.2).  




Figure 2-90. Chlorophyll a and b bands identified by thin layer chromatography (silica gel) at white light 
and 366 UV from ethyl ether/hexane phase from spinach (solvent system: petroleum ether/ acetone/ 
dietylamine [10/4/1]) according to literature data (Minguez-Mosquera and Garrido-Fernández 1989).  
HPLC-APCI-MS-MS data confirmed the separation of the chlorophylls obtained 
from spinach. The chromatograms showed the retention time for chlorophyll a 
(21.1 min), chlorophyll b (18.8 min) and pheophytin a (23.7 min) as well as 
the mass spectrum of each one of the compounds identified (Figures 2-91, 2-92, 
2-93, 2-94). 
 
Figure 2-91. Chromatogram of the HPLC-APCI-MS-MS of the ethyl ether/ hexane extract of spinach. 
Chlorophyll a, b, and pheophytin a eluted at 18.8 min, 21.1 min, and 23.7 min, respectively (Huang et al. 
2008). 
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Figure 2-92. APCI-HPLC-MS-MS data of chlorophyll a from spinach ethyl ether/ hexane extract  
with m/z 893.5. Chl-a is the major peak in the extract (Huang et al. 2008). 
 
Figure 2-93. APCI-HPLC-MS-MS data of chlorophyll b from spinach ethyl ether/ hexane extract with m/z 
908.1. Chl-b is the minor peak in the extract (Huang et al. 2008). 
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Figure 2-94. APCI-HPLC-MS-MS data of pheophytin a from spinach ethyl ether/ hexane extract  
with m/z 872.1 (Huang et al. 2008).  
The second relevant analysis played an important role to define the effect of 
the extraction method on the samples together with the choice of the solvent 
system for the HSCCC separation. The factor denominated “yield of HSCCC-
separations” was calculated for four HSCCC separations and the results are 
summarized in Tables 2-20, 2-21. 
Tables 2-20, 2-21 show yields before the optimization of the solvent system. 
These yields are ranged between 16 and 44.9%, which means that a large 
amount of the sample load was not recovered in the stationary phase either in 
elution or extrusion mode.  
Where is the remainder part found? The answer was found by the examination 
of the procedure executed before the injection of the sample into the loop of 
the HSCCC. When the filtration of the sample is carried out (before the injec-
tion of the sample into the loop), the remainder part of the extract is retained 
in the filter paper. Indeed, those solvent systems based on ACN/hexane, 
MeOH/hexane and hexane/MeOH/water/EtOAc do not dissolve completely the 
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compounds occurring in the Baby Banana extract. This was confirmed later 
when the filter paper was washed with acetone, and the green remainder was 
readily dissolved in acetone. This extract was denominated “acetone extract” 
and stored in the freezer at -20°C for further experiments. 
Consequently, 3 extraction methods were performed and 4 extract phases 
were obtained: 
1. Extraction method based on methanol and hexane solvents yields two  
extract phases labeling:  
• Methanol phase extract (1). 
• Hexane phase extract (2). 
 
2. Extraction method based on the recovery of the sample for HSCCC  
separation yields one phase labeling: 
• Acetone extract phase (3) 
3. Extraction method based on the delayed pheophytinization yields  
one phase labeling: 
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Table 2-20. Evaluation of the yield (%) of the HSCCC separations before the optimization of the solvent 
system to isolate chlorophylls in Baby Banana peels. Three solvent systems were assessed in extracts of 
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728 159.5 21.8 
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Table 2-21. Evaluation of the yield (%) corresponding to the spiral coil-scale up separations before the 
optimization of the solvent system to isolate chlorophylls from Baby Banana peels. The solvent system 
ACN/Hexane [1:2] was applied to fractionate 10 g of Baby Banana extract by using the first method of 
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ACN/Hexane[1:2]  2 Hexane Phase (2) 
Baby HP 
10.0 4.4 44.9 
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With the information given above, the priority was to find a suitable solvent 
system based upon the difference in the equilibrium distribution of the target 
compounds between the mobile and the stationary phase. In CCC, the partition 
coefficient (KU/L) is expressed as the amount of solute in the upper phase di-
vided by the amount of the solute in the lower phase. According to literature 
data the recommended KU/L values for CCC are in the range of 0.5≤ KU/L≤1.0 
(Ito 1991, Ito 2005). 
For determination of the partition coefficient, frequently HPLC (quantitatively) 
and TLC (qualitatively) are used. The procedure consists of dissolving the sam-
ple into a test tube which contains the two solvent systems in order to check 
how the distribution of the compound in the two phases is accomplished. In 
the current research, the qualitative evaluation by using TLC technique was 
used which permitted to observe the bands and their retention factors (Rf) in 
both of the phases. The bands represent the components of the extract  
and their distribution in the lower and upper phase of the solvent system  
(Figure 2-95). 
 
Figure 2-95. Analysis of the solvent system Hex/MeOH [1:1] by thin layer chromatography (TLC) to 
evaluate the partition coefficient qualitatively through the distribution in the lower and upper phase. The 
plate shows if the solvent system is suitable to separate triterpenoids present in the mixture which are 
represented as bands in the lower phase (Lph) and upper phase (Uph).  
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Additionally, the evaluation of the partition coefficient of a grass extract by TLC 
was important to find a suitable solvent system for the isolation of chlorophylls 
in Baby Banana peels. The TLC technique applied for grass (extract phase of 
diethylether) depicted clearly the distribution both in the lower and in the up-
per phase for chlorophyll a, chlorophyll b, pheophytin a, chlorophyllide a/b and 
xanthophylls. The silica gel TLC plate was analyzed at natural light and UV 366 
nm with a solvent system petroleum ether/ acetone/ diethylamine [10/4/1] 
according to literature data (Figure 2-96) (Minguez-Mosquera and Garrido-
Fernandez 1989) (cf. 4.3.2). 
 
Figure 2-96. The analysis of a hexane /EtOH/ water [6:5:2] solvent system to optimize the isolation of 
chlorophylls and their derivatives in grass by HSCCC by application of thin layer chromatography for 
qualitative evaluation of the partition coefficient in lower (L ph) and upper phases (U ph).  
In total, seven solvent systems were tested for the optimization of the solvent 
system for the isolation of chlorophylls, in which three (3) were applied before 
the optimization (Tables 20, 21) and four ones (4) were assayed thereafter (Ta-
ble 23) (cf. 4.2.3.1) 
Table 2-22 summarizes the experimental design for the optimization of the sol-
vent systems to isolate chlorophylls according to the total assays of solvent 
system, type of samples and extraction phase used during the optimization. 
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Table 2-22. Summary of the experimental design for the optimization of the solvent systems to isolate 
chlorophylls and their derivatives in Baby Banana peels and plants based on the application of 7 solvent 

























































Baby Banana  
control (1) 
 







Hexane phase (1) 
 
Methanol phase (2) 
 
Acetone phase* (3) 
 
Diethyl ether/ Hexane 
phase (4) 
*Acetone phase: remainder of extracts retained in the filter paper when the filtration  
of the methanol and hexane phases extracts was performed before the injection of  
the sample into the loop of the HSCCC. 
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Table 2-23. Evaluation of the yield (%) corresponding to HSCCC separations during the optimization of 
the solvent system to isolate chlorophylls from Baby Banana peels (control and with hyperpigmentation) 
as well as in spinach and grass. Four additional solvent systems were assessed during the optimization 
for the isolation of chlorophylls and their derivatives in plants. 
HSCCC SEPARATION 
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As it is shown in Table 23 the yield of the HSCCC separation increased from 
69.9 to 99.9% during the trials when hexane/EtOH/water [6:5:2] and  
hexane/CH2Cl2/EtOH/water [4:2:6:2] were used, respectively, with Baby Ba-
nana Hyper extract as sample. 
Ethanol gave adequate separation during CCC purification while methanol re-
vealed several chlorophyll degradation products (isomers and allomers) in the 
initial trials. Moreover, an added advantage is that ethanol forms an azeotrope 
with water enabling easier solvent removal post isolation (Jubert and Bailey 
2007). 
The effect of chloroform and dichloromethane as part of the solvent systems is 
also remarkable. This issue explains the result of HSCCC separation’s yield of 
85.4 and 99.9% when dichloromethane is used in comparison to 61.7 and 
57.4%, when the solvent system contains chloroform. 
The main challenge in CCC is the choice of a suitable solvent system for an op-
timal separation and the results shown in the current sections could demon-
strate it. The objective was accomplished since chlorophyll a, chlorophyll b and 
derivatives were purified and characterized by 1/D and 2/D NMR experiments 
when the solvent systems hexane/CHCl3/EtOH/water [4:2:6:2] and hex-
ane/CH2Cl2/EtOH/water [4:2:6:2] were assessed in HSCCC separations from 
Baby Banana peels and plants. The following section describes the HSCCC sep-
aration and the effect on the behaviour of the chlorophylls and derivatives in 
Baby Banana peels with hyperpigmentation, spinach and grass.  
In summary, the solvent system hexane/CH2Cl2/EtOH/water [4:2:6:2] could be 
denominated as novel solvent system for the separation of chlorophylls in 
fruits and plants.  
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2.2.2 Isolation of chlorophylls and derivatives from spinach by HSCCC 
The preparation of the plant extract (20 g) was performed with N,N-
dimethylformamide and the filtrates were treated with hexane in a separation 
funnel in order to extract and separate the carotenoids occurring in the sam-
ples. The phase of N,N-dimethylformamide retained chlorophylls and chloro-
phyll derivatives. Eight extractions with diethyl ether/hexane were carried out 
in order to collect a chlorophyll extract (1 g) for a subsequent HSCCC separa-
tion (Figure 2-97) (cf. 4.3.1.2). 
 
Figure 2-97 Spinach extracts of diethyl ether/hexane with chlorophylls and xanthophylls (left)  
and of the hexane phase with carotenoids (right). 
The elution mode used in the separation was “head-to-tail” and the solvent 
system was n-hexane/chloroform/EtOH/H2O (4/2/6/2). From the N,N-
dimethylformamide extract an amount of 486 mg was injected. The flow rate 
of the mobile phase (EtOH/H2O) was set at 3.5 mL/min and the detector at λ 
440 nm (Figure 2-98). 
In the elution mode polar carotenoids, such as neoxanthin (F4), canthaxanthin 
(F5), neochrome/luteoxanthin (F6) and lutein (F8) were separated and their 
identification supported by an APCI-HPLC-MS-MS coupled to a photodiode ar-
ray detector, which enabled the analysis of the spectra (Figure 2-99) (cf. 4.2.2). 
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Figure 2-98. HSCCC chromatogram of a separation of 486 mg of ethyl/hexane extract from spinach.  
Eight fractions in elution mode and fifteen in extrusion mode were obtained. Xanthophylls and 
chlorophylls were identified by APCI-HPLC-MS-MS and isolated by HSCCC. 
 
Figure 2-99. Elution fractions of xanthophylls in spinach identified by APCI-HPLC-MS-MS.  
Fraction 7 was not clearly identified. Neoxanthin (F4), canthaxanthin (F5), neochrome/ 
luteoxanthin (F6) and lutein (F8).
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Table 2-24 summarizes the major fragments (m/z) and the absorption maxima 
(nm) for the fractions 4, 5, 6 and 8 in elution mode. The data is in agreement 
with the literature (Putzbach et al. 2005a; Lacker et al. 1999; Mendes-Pinto et 
al. 2005; Britton et al. 1995; Britton et al. 2004; de Rosso and Mercadante 
2007; Rodríguez-Amaya 2001). 
Table 2-24. Xanthophylls separated from a spinach extract by HSCCC and identified by APCI-HPLC-MS-
MS. The absorption maxima (nm) and the major fragments (m/z) could correspond to neoxanthin, 














[M+H]+ [M+H-H20]+ 456 
F5 
[51-66] 







[M+H]+ [M+H-H20]+ 422 
F8 
[82-94] 
Lutein 551 [M+H-H20]+ 478 
 
During the extrusion mode the fractions were monitored by TLC and APCI-
HPLC-MS-MS according to the methodology described previously in section 
2.1.12.(cf. 4.2.2.4; 4.3.1) A total of 22.88 mg of chlorophyll b and 19.70 mg of 
chlorophyll a were recollected during the extrusion. The characteristic color of 
the isolated chlorophyll a and b was observed for the first time in the tubes 
during the HSCCC separation (Figures 2-100, 2-102). 
The fractions 13 and 6 (in extrusion mode) showed under LC-APCI-MS single 
peaks with the quasimolecular ion at [M+H]+ 894 m/z for chlorophyll a and for 
chlorophyll b at 907 m/z which correspond to 12.4 mg of chlorophyll a and 
12.6 mg of chlorophyll b. Furthermore, the fractions were submitted to 1/D 
and 2/D NMR experiments for analysis of its purity (Figure 2-101, 2-103).  
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Figure 2-100. The characteristic color of chlorophyll a was observed during the extrusion mode for first 




Figure 2-101. APCI-HPLC-MS-MS spectrum of chlorophyll a in fraction 13 with a quasimolecular ion of m/z 
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Figure 2-102. The characteristic color of chlorophyll b was observed during the extrusion mode for first 
time in the spinach HSCCC separation and was recorded during the recollection of the fractions. 
 
 
Figure 2-103. APCI-HPLC-MS-MS spectrum of chlorophyll b in fraction 6 with a the quasimolecular ion of 
m/z 907 [M+H]+ at 18.4 min (Huang et al. 2008; van Breemen et al. 1991b). 
Chlorophyll b (12.6 mg) was obtained in a high purity. 1H and 13C NMR spectra 
of chlorophyll b were recorded at 600 MHz and 150 MHz respectively and sup-
ported the structure (Figures 2-104, 2-105, 2-106). Data for chlorophyll b is in 
agreement with the literature (Table 2-25) (Risch and Brockmann 1983; Abra-
ham and Rowan 1991; Lötjönen and Hynninen 1981).  
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Figure 2-104. 13C NMR in spectra of chlorophyll b isolated from spinach by HSCCC recorded  
at 150 MHz in CDCl3.  
 
Figure 2-105. 1H NMR spectra of chlorophyll b isolated from spinach by HSCCC recorded  
at 600 MHz in CDCl3. 
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 Table 2-25 13C NMR data recorded at 150 MHz in CDCl3 of 12.6 mg of chlorophyll b isolated from spinach 
by HSCCC. The data was in agreement with literature (Risch and Brockmann 1983).  
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Figure 2-106. Structure and numbering of chlorophyll a (C-3a = CH3) and b used throughout this section 
(Abraham and Rowan 1991). 
Compared with the relevant spectrum of chlorophyll b, the 13C NMR spectrum 
of chlorophyll a showed a difference in the region between 190-180 ppm (keto 
group) (Table 2-26). The intensity of the chemical shift at 190.1 ppm was 
meaningfully lower in comparison with the resonance of the keto function at C-
9 from the chlorophyll b spectrum. This feature of the Chl a spectrum was re-
produced at C-10; and C-10a where the carbomethoxy group is attached, as 
well as at C-13, C-18 and at the meso region (α, β, γ, δ). The low resolution in 
this region contrasted with the high intensity of the peaks corresponding to the 
methyl/methylene groups bonded to the large phytyl moiety and to several 
conjugated bonds which confirm the porphyrin structure (Figures 2-107, 2-108, 
Table 2-26). 
This result could be explained as: 
a) Chlorophyll a was dissolved in CD2Cl2 and not in ClCD3 as it was the case for 
chlorophyll b. The 13C chemical shifts signals from dichloromethane-d2 at 53.8 
ppm and chloroform-d at 77.0 ppm are depicted in the Chl-a and Chl-b spectra 
respectively (Figures 2-107, 2-104). 
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b) The chemical shift of chlorophylls is not only related to a concentration that 
is solvent-dependent of their magnesium-free counterparts. Chlorophylls are in 
a high grade solvent-dependent, and this effect is associated with the coordi-
nation state of the central Mg atom. Electronic absorption spectra measured 
for Chl a indicated that the Mg atom is predominantly hexacoordinated in tet-
rahydrofuran and pentacoordinated in acetone (Smith et al. 1984; Abraham 
and Rowan 1991; Scheer 1991; Katz et al. 1966). 
During the current research and when the experiment described here was car-
ried out, it was not expected that a meaningful difference between chloroform 
and dichloromethane as solvents existed. For this reason deuterated dichloro-
methane has been used for chlorophyll a in 1/D and 2/D NMR experiments. 
However, this issue has been reported as one of the main reasons for the de-
veloping of NMR studies of chlorophylls during the 80’s and 90’s, as it is de-
scribed by Abraham and Rowan (1991). In addition, these facts have had a 
meaningful effect in the results of the current research as it is described in sec-
tion 2.2.3, especially towards the role of dichloromethane and chloroform in the 
isolation of xanthophylls and chlorophylls by HSCCC. 
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Figure 2-107. 13C NMR spectra of chlorophyll a isolated from spinach by HSCCC  
recorded at 150 MHz in CD2Cl2 
 
Figure 2-108. 1H NMR spectra of chlorophyll a isolated from spinach by HSCCC  
recorded at 600 MHz in CD2Cl2.
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Table 2-26. 13C chemical shifts recorded at 150 MHz of chlorophyll a (12.4 mg) in CD2Cl2 isolated from 
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2.2.3 Role of dichloromethane and chloroform as stationary phase in the 
 solvent system for the isolating of chlorophylls and xanthophylls   
 from plant extracts by HSCCC 
In order to isolate chlorophyll from plant extracts by means of High Speed 
Countercurrent Chromatography (HSCCC) excluding the use of acetone as part 
of the stationary phase, a novel solvent system composed of hexane–
dichloromethane-ethanol-water 4:2:6:2 (v/v/v/v/) was applied. The isolation 
of chlorophylls a, b and pheophytins a, b was successfully performed in the ca-
se of grass when the dichloromethane was part of the solvent system (Figure 2-
109). Comparatively, when chloroform was applied as part of the stationary 
phase, the xanthophyll separation depicted better resolution compared to chlo-
rophylls (Figure 2-110). 
In an initial step, 559.5 mg and 205 mg of N,N dimethylformamide extract of 
grass treated with hexane were introduced into the HSCCC system in a mixture 
of 20 mL, consisting of upper and lower phase (1:1, v/v) through an injection 
loop. The elution mode used in the separation was head-to-tail and the flow 
rate of the mobile phase ethanol/water was set to 3.5 mL/min. Detection was 
at λ 440 nm for chlorophylls and xanthophylls.  




Figure 2-109. HSCCC chromatogram (grass extract) with elution and extrusion mode. Solvent system: 
hexane-dichloromethane-ethanol-water (4/2/6/2). Chlorophyll separation showed a higher resolution in 
comparison to xanthophylls in elution and extrusion mode. 
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Figure 2-110. HSCCC chromatogram (grass extract) with elution and extrusion mode. Solvent system: 
hexane-chloroform-ethanol-water (4/2/6/2). Xanthophyll separation showed a higher resolution in elution 
mode in comparison to the chlorophyll separation in extrusion mode.  
On-line high performance liquid chromatography/atmospheric pressure chemi-
cal ionization mass spectrometry (HPLC/APCI-MS) was applied in positive 
mode to identify xanthophylls and chlorophyll in the HSCCC fractions.  
Lutein, auroxanthin and luteoxanthin-neochrome were identified in fraction 5, 
4, 3, respectively, in elution mode from the HSCCC separation that used chlo-
roform as part of the solvent system. In addition, the identification of the xan-
thophylls was defined by comparison of the mass spectra in positive mode with 
the literature data (Figure 2-110, Table 2-27) (Putzbach et al. 2005ab; Lacker et 
al. 1999; Mendes-Pinto et al. 2005; Britton et al. 1995, 2004; de Rosso and 
Mercadante 2007; Rodríguez-Amaya 2001). Structure elucidation of lutein, 
chlorophylls and pheophytins were done by 1D/2D-NMR experiments (1H,13C, 
1H -1H COSY, HSQC, HMBC) (cf. 4.2.6).  
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Table 2-27. Xanthophylls identified in the HSCCC separation from grass by APCI-HPLC-MS-MS when 
chloroform is used as part of the solvent system. The mass spectra in positive mode were compared with 
literature data (Putzbach et al. 2005ab; Lacker et al. 1999; Mendes-Pinto et al. 2005; Britton et al. 1995; 
Britton et al. 2004; de Rosso and Mercadante 2007; Rodríguez-Amaya 2001). 
FRACTION  TUBES m/z UV-MAXIMA 
 [  nm ] 
ANALYTES 
1  53-55 593 408, 665 Pheophorbide a 
3  60-67 
601 
601 
395, 419, 443 
Luteoxanthin 
Neochrome 
4  68-78 601 379, 400, 425 Auroxanthin 
5  79-93 569 419, 447, 469 Lutein 
 
J.J. Katz, a pioneer of chlorophyll research, studied the chlorophyll-ligand co-
ordination interaction that revealed NMR spectra as he was observing a "ring-
current effect" at the proton chemical shift of ligands bound to chlorophyll 
(Katz et al. 1966). 
In order to understand the chlorophyll-ligand coordination it is important to 
recognize that chlorophylls interact with nucleophilic ligands and for this reason 
coordinate water, alcohols, amines, ketones and ethers in a very strong way. 
Thus, chlorophylls are highly fluorescent when solvated and nonfluorescent in 
the unsolvated state. Nuclear magnetic resonance explained this behaviour and 
confirmed the role of the magnesium in these phenomena (Katz et al. 1968, 
Katz et al. 1978). 
Hence, the unsaturation coordination of the magnesium leads to chlorophyll-
nucelophile interactions, and in the absence of other nucleophiles, chlorophylls 
do self-interactions to form dimers. In nonpolar solvents the coordination un-
saturation of the magnesium is relieved by a coordination of the ketone oxygen 
function of one chlorophyll molecule with the magnesium function of another 
chlorophyll molecule to form a dimer. Additionally, chlorophyll monomer-dimer 
equilibria has been achieved by changing electronic absorption and fluores-
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cence spectra as an index of aggregations (Katz et al. 1968). Subsequently, 
NMR techniques were used successfully to elucidate the mode of aggregation 
of the chlorophylls dimers (Storm et al. 1966). 
In the absence of an external ligand, the vacant coordination sites on the cen-
tral magnesium are satisfied by a second chlorophyll molecule which coordi-
nates directly, using a carbonyl function, or indirectly via water with hydrogen 
bond to the carbonyl. This aggregation is determined by the solvent, concen-
tration and temperature (Lötjönen and Hynninen 1981, 1983). 
On the other hand, the ring current effect was initially recognized (Abraham 
and Rowan 1991) as an effect in the chlorophyll molecule due to the large π	  
system of the macrocycle in the structure. Despite the structural complexity of 
chlorophylls, the chemical shift assignment for 1 H proton is relatively easy. 
The protons of the macrocycle are well separated and only four protons of the 
vinyl group (2a and 2b), ethyl group (C-4), and the protons of side chain of 
ring IV show spin-spin interactions. The most important feature of the chloro-
phylls in this context is the large π -system of the macrocycle, which produces 
an "induced ring current". This effect causes that peripheral protons in the 
plane of the macrocycle are deshielding, whereas protons situated above or 
below the plane of the macrocycle are significantly shielding. In the case of 
magnesium-free derivatives, the central NH protons are strongly deshielded 
and appear upfield of TMS. This ring current effect accounts for the large range 
of chemical shift values seen for chlorophylls. In Chl a, the range of 1 H chemi-
cal shift is about 10 ppm and in the magnesium-free derivative it is still larger, 
about 12 ppm, due to the deshielding (Abraham and Rowan 1991). 
Dichloromethane and chloroform are non-polar solvents. Although, they have 
the similar density (1.49 and 1.32 g/mL), the dielectric constant is higher for 
dichloromethane in comparison with chloroform. That means that the polarity 
of dichloromethane is higher than chloroform (Table 2-28).  
Additionally, the Hansen solubility parameters values show that δ P (Polar 
bonds) and δ H (Polar hydrogen bonding) are meaningfully different. The δ P 
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and δ H values for dichloromethane are 7.3 and 7.1, respectively, and for chlo-
roform 3.1 and 5.7. That means that dichloromethane is more polar than chlo-
roform. Therefore, the type of solvent classification changes considerably be-
cause dichloromethane is a polar aprotic solvent and chloroform a non-polar 
solvent (Table 2-29). 
Table 2-28. Classification of the solvent according to polarity values (Kosower et al. 1969; Kosower 1968; 
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In consequence, the solvent system hexane/dichloromethane/ethanol/ 
water [6:2:4: 2] is adequate for chlorophyll separation since that will change 
the system to yield more polarity due to the features described above. This 
hypothesis is supported also by the fact that the elution mode length was 10 
hours and the extrusion mode 2 hours, whereas the elution mode length with 
chloroform was 7 hours and the extrusion mode 4 hours. 
Dichloromethane increases the elution mode and chloroform increases the ex-
trusion mode. These conditions enable the separation of xanthophylls with 
higher resolution than the chlorophylls due to the decreased elution mode time 
in comparison with the extrusion mode in the HSCCC separation with hex-
ane/chloroform/ethanol/water [6:2:4:2]. Solubility plays an important role in 
the solvent system and increase or decrease the separation depending on the 
affinity with the solute (chlorophylls or xanthophylls) in concordance with the 
polarity as well.  
The novel system for HSCCC separation of chlorophylls (hexane /dichloro-
methane/ethanol/water [6:2:4:2]) enables the isolating of chlorophylls and 
their derivatives in order to accomplish the objective of this study, i.e. the deg-
radation of chlorophylls in Baby Banana peels with hyperpigmentation.  
2.2.4 Chlorophylls a/b ratio and derivatives in Baby Banana peels and 
 other plants by HSCCC 
The isolation and quantification of chlorophylls a/b and derivatives by HSCCC 
was successfully accomplished in different plants like spinach, grass and in 
fruits as Baby banana peels. Baby Banana peels were used as control and also 
other hyperpigmented ones with the peels displaying stay-green lesion. The 
chlorophyll a/b ratio of the different plants and fruits changed meaningfully 
and it was clearly reflected in the chromatograms obtained with preparative 
HSCCC (cf. 4.2.3). The elution mode used in the separation of compounds was 
“head to tail”, the flow rate of the mobile phase was 3.5 mL/min and the wave-
length 445 nm. The solvent system was hexane/EtOH/CHCl3/H2O [6:2:4:2] for 
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spinach and hexane/EtOH/CH2Cl2/H2O [6:2:4:2] for grass and also for both 
Baby Banana peels (control and hyperpigmented). 
On-line high performance liquid chromatography/atmospheric pressure chemi-
cal ionization mass spectrometry (APCI/positive mode) was applied to the 
identification of the fractions (cf. 4.2.2) (Table 2-30) (Huang et al. 2008).  
HSCCC chromatograms revealed that grass in comparison with spinach pro-
duced degradation of chlorophylls derivatives like pheophytin a and b, whereas 
spinach only reflects the occurrence of chlorophyll a and b in similar propor-
tion.  
The Chl a/b ratio for spinach of 0.86 was higher than 0.58 for grass due to the 
higher biosynthesis of Chl-b in grass. Nonetheless, the Phy a/b ratio in grass of 
0.63 in contrast with any yield of derivatives in spinach demonstrates that 
chlorophylls in spinach have a meaningful protection in their morphological and 
physiological structure which does not permit their degradations (Figures 2-111, 
2-112).  
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Figure 2-111. HSCCC chromatogram of chlorophylls and derivatives from grass extract using 
hexane/EtOH/CH2Cl2/H2O [6:2:4:2] as solvent system. 
 
 
Figure 2-112. HSCCC chromatogram of chlorophylls from spinach extract by using 
hexane/EtOH/CHCl3/H2O [6:2:4:2] as solvent system. 
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Figure 2-113 depicts the separation of Chl a, Phy a and Phy b in Baby Banana 
control in extrusion mode and in elution mode chlorophyllide whereas (Figure 
2-114) in Baby Bananas with hyperpigmentation Chl b, Hydroxy-Phy b, Phy a 
are identified in extrusion mode.  
The results elicit the physiological and biochemical behaviour of chlorophylls in 
plants and fruits during the degradation of the pigments and consequently de-
tected the problems during the senescence stage. According to the chlorophyll 
cycle of higher plants, Chl a and Chl b interconverted via 7-hydroxy Chl a and 
there are good reasons to believe that a reversal of Chl b biosynthesis to Chl a 
takes place (Hörtensteiner 1999). 
Likewise, the disappearance of chlorophylls is a visual sign of fruit ripening and 
recently a variety of new fluorescent chlorophyll catabolites (FCCs) and nonflu-
orescent chlorophylls catabolites (NCCs) in banana peels have been detected. 
All NCCs of higher plant identified up to now are derived from chlorophyll a 
(Moser et al. 2012). 
The difference between the Chl a/b and the Phy a/b ratios in the control and 
hyperpigmented banana peels could indicate that Baby Banana control used 
the reversal Chl-b biosynthesis during the degradation pathway to produce just 
Chl-a while banana with hyperpigmentation did not produce more Chl-a and 
accumulate Chl-b (Figures 2-113, 2-114, 2-115). 
Table 2-30. LC-APCI-MS mass spectrum of chlorophylls, pheophytins and hydroxy-phy with [M+H] +, in 
positive mode (Huang et al. 2008). 
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Figure 2-113. HSCCC chromatogram of chlorophylls and their derivatives from Baby Banana control peel 
extract using the solvent system hexane/EtOH/CH2Cl2/H2O [6:2:4:2]. 
 
 
Figure 2-114. HSCCC chromatogram of chlorophylls and their derivatives from Baby Banana peel extract 
with hyperpigmentation using the solvent system hexane/EtOH/CH2Cl2/H2O [6:2:4:2]. 




Figure 2-115. The chlorophyll cycle of higher plants, whereby Chl a and b are interconverted via 7-
hydroxy Chl-a (Hörtensteiner 1999; Vicentini et al. 1995). 
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2.3 Preparative Spiral-Coil Low Speed Rotary Countercurrent 
chromatography of Baby Banana peels  
(Musa acuminata) with hyperpigmentation 
 
Countercurrent chromatography is one of the few liquid chromatographic tech-
niques that can be predictably managed from analytical to semi-industrial scale 
(kg range). High-Speed Countercurrent Chromatography (HSCCC) was applied 
to the phytochemical analysis of both Baby Banana peel control and hyperpig-
mented Baby Banana peel extracts.  
Hyperpigmented Baby Banana (Musa acuminata) was harvested in Colombia, 
(Cundinamarca) on October 2010 through the export company Cidella localized 
in Bogotá. 34.92 kg of hyperpigmented Baby Banana corresponding to 771 fin-
gers were peeled to separate the skin; the stage of ripening was green color 
and corresponds to a parameter nº 2, according to the established control ta-
ble of ripening in the market. 3.26 kg of peels were subjected to lyophilization 
and 401.6 g freeze dried peels were transported to Germany (Figure 2-116). 
 
Figure 2-116. 34.92 kg of hyperpigmented Baby Banana produced 401.6 g freeze-dried peels that were 
analyzed by Spiral-Coil-LSRCCC. 
The freeze-dried peels were washed three times, first with hexane, and after-
ward with methanol, to obtain a liquid extract of compounds in non-polar and 
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polar phases (cf. 4.3.1). After the extraction 17 g of hexane phase and 4.5 g of 
methanol phase were recollected to be used in further experiments. 
The spiral-coil low speed rotary countercurrent chromatography is a versatile 
and gentle all-liquid-partition chromatographic method used for several appli-
cations in natural product isolation. The prototype has become a powerful tool 
for enrichment and isolation of target compounds in large quantities and con-
sists of three spiral layers connected in series with a total volume of 500 mL. 
The column is composed of a convoluted PTFE tubing (8.5 mm I. D) of 9.7 m 
length. The assembly is mounted onto a seal-less flow-through centrifuge, 
which is operated by a speed control unit. The pitch of the spiral is ca. 3.7 cm. 
The spiral starts at 6.7 cm and ends at 22 cm from the center of rotation, 
forming nearly four spiral turns. A pair of flow tubes (standard–wall 0.85 mm 
ID Teflon tubing) from each terminal of the spiral column is led through the 
central axis of the apparatus, supported by a hollow plastic guide pipe, and 
then rigidly held at the stationary exit spot. The rotary speed of the column 
was regulated with a speed control unit. The solvents were delivered  
by a HPLC pump/Waters, model 515, Milford, MA. (Köhler et al. 2004)  
(Figure 2-117).  
 
Figure 2-117. Spiral-Coil Assembly of the CCC prototype that combines two advantages in comparison 
with the Low Speed Rotary Countercurrent chromatography such as short separation time and large 
sample load. It is a preparative model for semi-industrial scale separations. 
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To fractionate 17 g of the hexane phase extract from Baby Banana freeze-
dried peels the solvent system acetonitrile/methanol (1:1, v/v) prepared by 
saturating each phase in a separatory funnel at room temperature was used. 
The solvents were degassed directly before use. Elution and extrusion modes 
were performed during the scale-up separation. 
On-line high performance liquid chromatography/atmospheric pressure chemi-
cal ionization mass spectrometry was applied to the analysis of the fractions by 
means of the mass spectra in positive (+) mode (cf. 4.2.2). The method can be 
applied to analyze natural chlorophyll degradation products and other metal-
loporphyrines (Gauthier-Jaques et al. 2001, Verzegnassi et al. 2000).  
The solvents for HPLC were (cf. 4.2.2.4):  
A: MTBE/MeOH/H2O 4/92/4 (v/v/v)  
B: MTBE/MeOH/H2O 90/6/4/ (v/v/v) 
  
A RP-18 column (ProntoSIL C18A9 250 x 2 mm) was used at a flow rate of 0.8 
mL/min. Gas was nitrogen with a flow rate of 7.0 mL/min. Temperature of 
APCI: 400 °C. ESI-MS parameters: capillary, 4500 V; cap, 2800 V. The solvent 
elution changed to 100% A, 0%B in 0 min, 100% A, 0%B in 10 min, 50% A, 
50% B in 20 min, 0% A, 100%B in 30 min, 0% A, 100%B in 50 min, 100% A, 
0%B in 55 min (cf. 4.2.2.4). 
Spiral-Coil LSRCCC separated 17g of hexane extract from Baby Banana peel 
with hyperpigmentation and 18 fractions were collected during the separation, 
in which 11 fractions are corresponding to elution mode and 7 to extrusion 
mode.(cf. 4.2.5) The chromatogram is shown in Figure 2-118. 
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Figure 2-118. Spiral-Coil LSRCCC chromatogram of 10 g of a hexane extract from Baby Banana peels 
with hyperpigmentation (HP) in elution and extrusion mode.  
 
In spite that the chromatogram does not depict peaks which could represent 
an optimal separation, chlorophyll derivatives were identified by APCI-HPLC -
MS-MS. Additional compounds were identified subsequently in comparison with 
authentic standards separated by HSCCC.  
2.  RESULTS AND DISCUSSION 
 194
It should be mentioned that the experiment above was carried out before the 
optimization of the solvent system to isolate the chlorophylls, described in sec-
tion 2.2. Therefore, the parameters of the separation corresponded to the ini-
tial trials of experiments.  
Nevertheless, the results are relevant in relation with the identification of chlo-
rophyll derivatives in Baby Banana peels with hyperpigmentation by means of 
Spiral-Coil (LSRCCC) (Figure 2-119). 
2.3.1 APCI-HPLC-MS-MS analysis of Spiral-Coil-LSRCCC fractions from Baby 
Banana peels with hyperpigmentation  
Spiral-Coil-LSRCCC separated 17g of hexane extract of Baby Banana peel with 
hyperpigmentation and 18 fractions were obtained. Chlorophyll derivatives 
were fractionated according the polarity. In elution mode, hydroxypheophytin 
b, pheophytin b, hydroxypheophytin a, pyropheophorbide a ester C (27-30) ster-
ols (m or l) and pheophytin a. Additionally, in extrusion mode pyropheophytin 
a, pyropheophorbide a ester C29 sterol l, Zn pheophytin a were identified by 
APCI-HPLC-MS-MS (Tables 2-31, 2-32, Figure 2-119). 
Furthermore, lutein, linoleic acid and several chlorophyll derivatives (hydroxypheo-
phytin a and b, pheophytin a and b) were elucidated by 1D/2D-NMR experiments 
(1H, 13C, 1H/1H-COSY, HSQC, HMBC) (cf. 4.2.6).  
Phosphatidylcholine, O-α-D-galactosyl-glucosyl-diacy-L-glycerol (GGGD), lutein 
and arachidic acid (20:0) were identified according to the results described in 
section 2.1, in which the isolation and elucidation of phospholipids and glycoli-
pids from Baby Banana peels (control) has been described. 
The chemical structure of the chlorophyll derivatives are depicted in concord-
ance with the literature (Figure 2-120). The understanding of the changes in 
the chemical structure of the chlorophyll gives clues for the analysis of the hy-
perpigmentation phenomenon in Baby Banana peels. The summary of the 
compounds fractionated in scale-up Spiral-Coil-LSRCCC from Baby Banana 
peels with hyperpigmentation (HP) is given in Tables 2-31, 2-32. 




Figure 2-119. Spiral-Coil LSRCCC chromatogram of 17 g from Baby Banana peels with hyperpigmentation 
(HP). The fractions were identified by means of APCI-HPLC-MS-MS as chlorophylls derivatives (red color). 
The green bands depict the chlorophyll derivatives linked to sterols. The mass spectra of the fractions 
were compared with literature data (Huang et al. 2008; Eckardt et al. 1991; van Breemen 1991ab). 
 
2.  RESULTS AND DISCUSSION 
 196
 
Compound Mg* Rl R2 Isocycling Ring (V) 
Chlorophyll a + CH3 Phytyl 1 
Chlorophyll b + CHO Phytyl 1 
Chlorophyll a’ + CH3 Phytyl 2 
Chlorophyll b’ + CHO Phytyl 2 
Hydroxypheophytin a  – CH3 Phytyl 3 
Hydroxypheophytin a’ – CH3 Phytyl 5 
Pheophytin a – CH3 Phytyl 1 
Pheophytin a’ – CH3 Phytyl 2 
Hydroxypheophytin b – CHO Phytyl 3 
Hydroxypheophytin b’ – CHO Phytyl 5 
Pheophytin b – CHO Phytyl 1 
Pheophytin b’ – CHO Phytyl 2 
Hydroxychlorophyll a + CH3 Phytyl 3 
Hydroxychlorophyll b + CHO Phytyl 3 
Pyropheophytin a – CH3 Phytyl 4 
        *Mg is represented by 2H in pheophytins. 
 
Figure 2-120. Nomenclature of chlorophylls and their derivatives  
(Huang et al. 2008; Katz et al. 1968). 
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Table 2-31. Molecular ions and mass fragments (m/z) in (+) mode of the compounds identified in Baby 
Bananas peels (HP) in elution mode fractions from Spiral-Coil-LSRCCC separation by APCI-HPLC-MS-MS. 










































Ismaiel et al. 2008 
Subagio and Morita 1997 























Molnár et al. 2006  
Putzbach et al. 2005ab 
Aman et al. 2005a 
Yamauchi 2005 
 
Jakab et al. 2002 
Holčapek et al. 2003 




All-E lutein  [551]+ 
/533.5 
[551]+ 
Molnár et al. 2006  
Putzbach et al. 2005ab 



































van Breemen et al. 1991ab 
 
[278.43]+ 
Happi Emaga et al. 2007 
 
*Compounds isolated and elucidated (section 2.1 Phytochemical profile of Baby Banana Peels). 
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Table 2-31. Cont. 





















































Huang et al. 2008 
 
[884.7]+ 
van Breemen et al. 1991ab 
 
[278.43]+ 
Happi Emaga et al. 2007 













van Breemen et al. 1991ab 
 
Benning et al. 1995 




Linoleic acid*  [279.2]+  
/243.1 
[278.43]+ 
Jakab et al. 2002 
Holčapek et al. 2003 


















Huang et al. 2008 
 
*Compounds isolated and elucidated (section 2.1 Phytochemical profile of Baby Banana Peels). 
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Table 2-31. Cont. 







































ester C29  


























Huang et al. 2008 
 
[928]+ 


































Huang et al. 2008 
  
[431]+ [417]+ [403]+ 
Lampi et al. 2008, 
Ryynänen et al. 2004 
 
[946]+ 
Eckardt et al. 1991 
 
*Compounds isolated and elucidated (section 2.1 Phytochemical profile of Baby Banana Peels). 
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Table 2-31. Cont. 
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ester C27  





















van Breemen et al. 1991ab 
[871.5 /594]+ 
Gauthier-Jaques et al. 2001 
 
[887]+ 




Eckardt et al. 1991 




[425]+ [411]+ [397]+ 
Lampi et al. 2008, 
Ryynänen et al. 2004 
 
 
*Compounds isolated and elucidated (section 2.1 Phytochemical profile of Baby Banana Peels). 
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Table 2-32. Molecular ions and mass fragments (m/z) in (+) mode of the compounds identified in Baby 
Bananas peels (HP) in extrusion mode from Spiral-Coil- LSRCCC separation by APCI-HPLC-MS-MS. 























pheophytin a  
Pheophytin a* 
Pyropheophor-

















Huang et al. 2008 
[870.5/592.5]+ 
van Breemen et al. 1991ab 
[871.5 /594]+ 
Gauthier-Jaques et al. 2001 
(Actually in NMR analysis) 
[902]+ 
Eckardt et al. 1991 
[431]+ [417]+ [403]+
[425]+ [411]+ [397]+
Lampi et al. 2008, Ryynänen 
et al. 2004 
Ohnmacht et al. 2008 
Fang et al. 2003. 
Liu et al. 2013 











Huang et al. 2008 
[870.5/592.5]+ 
van Breemen et al. 1991ab 
[871.5 /594]+ 
Gauthier-Jaques et al. 2001 
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*Compounds isolated and elucidated (section 2.1 Phytochemical profile of Baby Banana Peels).
Pyropheophor-







Eckardt et al. 1991 
[431]+ [417]+ [403]+
[425]+ [411]+ [397]+
Lampi et al. 2008 
Ryynänen et al. 2004 















Lampi et al. 2008 
Ryynänen et al. 2004 
Ohnmacht et al. 2008 
Fang et al. 2003 
Lui et al. 2013 
Angelis et al. 2011 
Fang et al. 2003 
Liu et al. 2013 












Gauthier-Jaques et al. 2001 
[933]+ 
Gauthier-Jaques et al. 2001 
[431]+ [417]+ [403]+
[425]+ [411]+ [397]+
Lampi et al. 2008 
Ryynänen et al. 2004 







[425]+ [425]+  
Oliveira et al. 2006 
Akihisa et al. 1986 
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The results summarized in the Tables 2-31 and 2-32 describe how the Spiral-
Coil-LSRCCC separates complex mixtures into fractions containing compounds 
with decreasing polar character. At the beginning of the elution polar com-
pounds such as phospholipids, glycolipids and xanthophylls and also polar chlo-
rophyll derivatives were identified. After three hours pheophytin b and hydrox-
ypheophytin b were eluted. Other compounds (less polar) were identified be-
tween the elution and extrusion mode and were identified as linoleic acid, hy-
droxypheophytin a, pheophytin a and pheophorbide a esterified with sterols. 
The extrusion mode shows unpolar compounds, like 4-epicyclo-eucalenone and 
4-epicyclo-musalenone. The sterols bound to pheophorbide a were eluted to-
gether with the carotenoids. 
Chlorophyll derivatives are clearly separated in the fractions of elution and ex-
trusion mode. Pheophytin b with an aldehyde group at C-3a accounts for the 
polar effects in the molecule. Contrary, the unpolar pheophytin a, with a me-
thyl group at C-3a is separated between elution and extrusion mode. In addi-
tion, the hydroxypheophytin a and b eluted before of pheophytins due to the 
hydroxyl group linked to β-keto esters system (Figure 2-119). 
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2.3.2 Identification of polar compounds in Spiral-Coil-LSRCCC 
The first fraction of 19.9 mg corresponded to 1,2 diacyl-phosphorylcholine in 
elution mode (Figure 2-121). The mass spectra showed a single peak at 18.4 
min with a strong fluorescence at 200 nm corresponding at m/z 751 and iden-
tified as a molecular peak with a daughter peak at m/z 663. The thin layer 
chromatography and the mass spectra were compared with the standard iso-
lated by HSCCC in section 2.1 (Figure 2-122). 
 
Figure 2-121. Fraction 1 of elution mode corresponds to 19.9 mg of 1,2 diacyl-phosphorylcholine and 
fraction 3 to 154.7 mg of lutein in Spiral-Coil-LSRCCC chromatogram (Left), which were identified by 
comparison with authentic standards isolated by HSCCC. Tubes of Spiral-Coil-LSRCCC of 154.7 mg of 
lutein in elution mode identified by APCI -HPLC-MS-MS (Right). 
 




Figure 2-122. Positive-ion APCI HPLC-MS-MS spectrum of 1,2 diacyl-phosphorylcholine in fraction 1  
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Furthermore, fraction 3 in elution mode corresponded to 154.7 mg of lutein, 
and was identified by APCI-HPLC-MS-MS at m/z 551.4 as a molecular peak. 
The fragmentation is in concordance with the isolated standard of lutein by 
HSCCC, which is described in section 2.1 (Figure 2-123). 
 
 
Figure 2-123. Positive-ion APCI HPLC-MS-MS spectrum of lutein (m/z 551.4) in fraction 3 of elution  
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2.3.3 Identification of chlorophyll derivatives esterified with sterols in 
 Spiral-Coil-LSRCCC 
During the elution mode the polar compounds eluted whereas during the ex-
trusion mode mainly the nonpolar compounds are separated. Nevertheless, 
there is an intermediate zone in the chromatogram that shows how some com-
pounds with a polar and unpolar component in the chemical structure are frac-
tionated by application of the system ACN/Hexane [1:1] (Figure 2-127). The 
most relevant identification of components in this zone has relation with deri-
vates of chlorophyll esterified with sterols as well as hydroxypheophytin a and 
pheophytin a. The APCI-HPLC-MS-MS spectrum confirmed pyropheoborbide a 
ester 27 sterol l, 29 sterol m and 30 stanol between fraction 9-11 (of elution) 




Figure 2-124. UV-Contour plot of APCI-HPLC- MS-MS of fraction 9. Hydroxypheophytin a is identified as a 
fluorescent compound in contrast to pyropheophorbide a ester C30 stanol pointed out with a red circle 
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Figure 2-125. Positive-ion APCI mass spectrum of hydroxypheophytin a  
at m/z 887.6 in fraction 9 of elution mode in Spiral-Coil- LSRCCC (Huang et al. 2008). 
 
 
Figure 2-126. Positive-ion APCI mass spectrum of pyropheophorbide a ester C 30 stanol a at m/z 945.7 in 
fraction 9 of elution mode in Spiral-Coil-LSRCCC (Eckardt et al. 1991). 
 
 






Figure 2-127. Spiral-Coil-LSRCCC chromatogram of Baby Banana peel extract shows a pyropheophytin a 
ester 27sterol l, 29 sterol m, and 30 stanol between fraction 9 to fraction 11 of elution mode, and in 
extrusion mode (Fraction 12, 13) pyropheophorbide a ester 27 sterol l as well as 29, 30 sterol l, identified 
by APCI-HPLC-MS-MS.  
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2.3.4 Spiral-Coil-LSRCCC of Baby Banana peels with hyperpigmentation: 
 comparison with HSCCC of Baby Banana control 
The comparison between the chromatograms of both separations when using 
the solvent system ACN/Hexane [1:1] depicts the reproducibility of the tech-
nique. The results indicate a degradation of the chlorophyll compounds, which 
are present only in the Baby Banana with hyperpigmentation. The identification 
of the pyropheophorbide a esterified with sterols, pheophytin b, hydroxypheo-
phytin b and the compound with m/z 419 reveals the type of degradation of 
chlorophyll in hyperpigmented Baby Banana (Figures 2-128, 2-129, 2-130). The 
pattern of compounds detected differs from the derivatives that were separat-
ed and isolated in Baby Banana control where only pheophytin a was found 
(Figure 2-128). 
 
Figure 2-128. HSCCC chromatogram from Baby Banana control in elution and extrusion mode.  
Pheophytin a was separated in fraction 1 of extrusion mode.  
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Figure 2-129. Spiral-Coil-LSRCCC chromatogram in elution mode with 1.5 g of pheophytin b in fraction 53. 
and 27.5 mg of hydroxypheophytin b in fraction 4. Additionally, pyropheophorbide a 27 sterol ester was 
identified in fraction 13 (7 mg) (below). Tubes of Spiral Coil-LSRCCC in elution mode with 27.5 mg of 
collected hydroxypheophytin b (above) (Table 2-32).  




Figure 2-130. APCI-HPLC-MS-MS spectrum (m/z 901.5) of hydroxypheophytin b in fraction 4. 
The APCI-HPLC-MS-MS technique was suitable for these types of compounds 
and gave clues to understand the degradation of the chlorophylls. For instance, 
Figure 2-130 represents the APCI-HPLC spectrum of hydroxypheophytin b in 
fraction 4.  
The type of fragmentation shows the tentative structure of the compounds 
identified at m/z 419 in the Spiral-Coil-LSRCCC separation. This could corre-
spond to a sugar moiety in the structure in the case of fractions (elution mode) 
but in the extrusion mode the presence of a strong fluorescence at 366 nm 
could indicate either one fragmentation of a derivative of chlorophylls or a dif-
ferent compound. The elution of this compound begins in fraction 10 when the 
elution mode is ending but it is also detected during the extrusion mode to 
show a high resolution in UV-contour plot of APCI-HPLC-MS-MS in fraction 14 
(Tables 2-31, 2-32; Figure 2-131). 
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Figure 2-131. UV-Contour plot of APCI-HPLC-MS-MS of fraction 14 (above). The high fluorescence at 
10.07 min corresponding to m/z 419 in contrast with the low fluorescence at 22.3 min of pheophytin a 
and hydroxypheophytin at m/z 871 and 887.5, respectively (below).  
The analysis of the fragmentation for pheophytin a and pyropheophytin a could 
help to tentatively assign the structure of the fluorescent compound. The loss 
of phytol is represented by an ion at m/z 532 and 593 for pyropheophorbide a 
and pheophytin a, repectively.The losses of 28 and 72 u are explained as 
fragments of ethylene C2H4 or CO, and (CH2CHCOOH). The loss of two consec-
utive fragments at m/z 28 could explain the fragment at m/z 419 and indicates 
the elution of pyropheophytin a in fraction 15 (Figure 2-132). 
Nevertheless, this hypothesis is not supported when the analysis of the 1H and 
13C NMR spectra of fraction 14 has been performed (Figure 2-133). 





Figure 2-132. Fragmentation pathway of pheophytin a and pyropheophytin a (above). Pyropheophytin a 
structure as yield of loss of (CH2CHCOOH) fragment equivalent to m/z 72 (Chillier et al. 1994). 




Figure 2-133. 1H (above) and 13C NMR spectra (below) of fraction 14 which could show the proposed 
structure corresponding to the fluorescent compounds in extrusion mode of the Spiral-Coil LSRCCC 
separation from hyperpigmented Baby Banana peels.  
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Figure 2-134. APCI-HPLC-MS-MS spectrum of fraction 14 (697.7 mg) recollected in extrusion mode during 
the scale-up separation of Baby Banana peels with hyperpigmentation by Spiral-Coil-LSRCCC. The mass 
spectrum shows a daughter peak at m/z 419 with a strong fluorescence between 200 to 366 nm. The low 
intensity of the fluorescences at 24 min correspond to hydroxypheophytin a, pheophytin a and 
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2.3.4.1 Elucidation of tocopherols and tocotrienols in Fraction 14 of Spiral-Coil-LSRCCC 
separation from Baby Banana peels with hyperpigmentation extract 
The APCI-HPLC-MS/MS and 1D and 2D NMR data were analyzed thoroughly to 
identify the compound with a strong fluorescence (m/z 419) at 10.7 min in 
fraction 14 of extrusion mode (Figure 2-134). The HPLC-MS/MS contour plot UV 
spectra of fractions during the elution and extrusion mode were observed to 
determine that the fluorescence shows a sequence between fraction 11 in elu-
tion mode and fraction 17 in extrusion mode. The fluorescence shows an in-
crease from fraction 12 toward fraction 15 to decrease totally in fraction 16 of 
extrusion mode (Figure 2-135). 
The 1H-and 13C-NMR spectra of fractions were analyzed with APCI–HPLC-
MS/MS to conclude that although the compound with m/z 419 was detected 
between fraction 12 and fraction 15, the 1H- and 13C-NMR experiments togeth-
er with APCI mass data showed different results in comparison to the spectrum 
of fraction 14. 1H-and 13C-NMR spectra recorded at 600 and 150 MHz, respec-
tively, from fraction 14 not only depicted the occurrence of one compound but 
also a variety of resonances with high intensity that mask low intensity chemi-
cal shifts, which play an important role in the elucidation of important com-
pounds such as tocopherols and tocotrienols. 
The clue for the elucidation of tocopherols and tocotrienols was based on a 
resonance at δ 167.88 and also the lack of carboxyl acid signals. 13C-NMR 
spectrum showed between 10 and 40 ppm characteristic resonances of meth-
ylenes, methyls and methines which could be matched with a carboxyl group 
to figure out the presence of α fatty acid (Figures 2-133, 2-136).  
The olefinic region showed resonances with chemical shifts at δ 132, 131 and 
129 ppm which could belong to an unsaturated fatty acid but the chemical shift 
for a carboxyl group was not found. HSQC and HMBC data indicated that not all 
the chemical shifts in the carbon spectra matched each other and also the 
chemical shift at δ 7.4 and 7.6 revealed compounds that could contain nitrogen 
(Figure 2-136). 




Figure 2-135. UV Contour Plot HPLC-MS/MS from fractions 11(elution) to fraction 17 (extrusion). The 
fluorescent compound (m/z 419) at 10.7 min increases from fraction 12 to fraction 15 in extrusion mode. 
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Figure 2-136. 13C-NMR spectra (olefinic region) with signals at δ 132, 131,129 and a unique carboxyl 
resonance at δ 167 recorded in CD2Cl2 from Baby Banana with hyperpigmentation. 
 
Figure 2-137. HMBC spectrum of fraction 14 (150 MHz) in extrusion mode of Baby Banana peels with 
hyperpigmentation.  
In the HMBC spectrum (Figure 2-137) low intense resonances in a logic se-
quence were elucidated in order to reveal tocopherols and tocotrienols in the 
spectrum of fraction 14. The cause of the strong fluorescence in the UV con-
tour plot was discovered.  
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Figure 2-138. 13C-NMR spectra (olefinic region) at δ 132, 131,129 (right) and 1H-NMR spectra (left) 
expanded. The chemical shift of low intensity corresponded to tocopherols and tocotrienols elucidated in 
fraction 14 in accordance with literature data (Ohnmacht et al. 2008). 
In spite of the low intensity of resonances in the spectra, it was clearly distin-
guishable the vinyl protons (H-3’, H-7’, H-11’) from the unsaturated side chain 
of tocotrienols which showed that the major component in the mixture of to-
copherols and tocotrienols in fraction 14 was a tocotrienol (Figure 2-138).  
The relevant singulet at δ 6.48 supported the structure of a ß-tocotrienol as a 
characteristic resonance at H-7 in comparison with δ 6.38 and 6.50 of γ-
tocotrienol and δ-tocotrienol, respectively. The results were in agreement with 
literature data (Ohnmacht et al. 2008) (Figure 2-139). 
The polar chromanol ring of ß-tocotrienol was defined by resonances of qua-
ternary carbons in the 13C-NMR spectrum with the support of the HSQC and 
HMBC experiments. The carbon peaks at δ 144.75 and 144.13 were assigned 
to C-10 and C-6, respectively, as well as to C-5 and C-9 at δ 119.30 and 
116.63, respectively. Table 2-33 summarizes the spectral data of the ß-
tocotrienol in fraction 14. 
The OH group of ß-tocotrienol was identified in 1H-NMR spectrum at δ 4.57 as 
a major component when three peaks in this region were compared. Two adja-
cent peaks appear at δ 4.59 and 4.67 which shows the presence of two addi-
tional compounds. According to literature data the resonances could corre-
spond to ß-tocopherol (δ 4.59) and γ-tocotrienol (δ 4.67) (Ohnmacht et al. 
2008) (Figure-2-140).  
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Figure 2-139. 1H-NMR spectrum (600 MHz) in CD2Cl2 of fraction 14 from Spiral  
Coil LSRCCC from Baby Banana peel with hyperpigmentation. The characteristic  
singulet at δ 6.48 supports the assignment to H-7 of ß-tocotrienol as major component 
 in the mixture of tocopherols and tocotrienols in fraction 14. 
 
Figure 2-140. 1H NMR spectrum (600 MHz) in CD2Cl2 of fraction 14 from Spiral Coil  
LSRCCC from Baby Banana peel with hyperpigmentation. The OH group for ß-tocotrienol  
at δ 4.57 supports the assignment to H-7 as the major tocotrienol in the mixture  
of tocopherols and tocotrienols in the fraction. 
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Although the 1H- and 13C-NMR spectra depict resonances of tocopherols as well 
as the low intensity of the chemical shift, the complete elucidation was enabled 
with the support of HSQC and HMBC data. The tentative chemical structure of 
ß-tocotrienol has been defined in Table 2-33 and illustrated in Figure 2-141.  
 
Table 2-33. 1H-and 13C-NMR spectroscopic data of ß-tocotrienol elucidated in fraction 14 of Spiral-Coil 
Low Speed Rotary Countercurrent Chromatography (Spiral-Coil LSRCCC) separation from Baby Banana 
peels with hyperpigmentation (Ohnmacht et al. 2008). 
Assignment	   δ	  13C	  (ppm)	   δ	  1H	  (ppm)	   DEPT	  
2	   79.78	   -­‐-­‐-­‐	   Quaternary	  




3	   32.97	   1.77-­‐1.75	   CH2	  
4	   21.39	   1.33-­‐1.22	   CH2	  
5	   119.30	   -­‐-­‐-­‐-­‐-­‐	   Quaternary	  





6	   144.13	  
	  
-­‐-­‐-­‐	   Quaternary	  
7	   114.70	   -­‐-­‐-­‐	   CH	  
7-­‐CH3	   -­‐-­‐-­‐	   6.48	  (s)	   -­‐-­‐-­‐	  
8	   124.44	   -­‐-­‐-­‐	   Quaternary	  
8-­‐CH3	   12.08	   1.91	  (s)	  	   CH3	  
9	   116.63	   -­‐-­‐-­‐	   Quaternary	  
10	   144.75	   -­‐-­‐-­‐	   Quaternary	  
1’	   33.89	   1.98-­‐1.96	   CH2	  
2’	   31.05	   2.3-­‐2.1	   CH2	  
3’	   124.47	   5.24	  (m)	   CH	  
4’	   139.35	   -­‐-­‐-­‐	   Quaternary	  
4’-­‐CH3	   17.07	   1.65	  (s)	   CH3	  
5’	  	   33.89	   1.98-­‐1.96	   CH2	  
6’	   28.94	   2.14-­‐2.08	   CH2	  
7’	   128.17	   5.24	  (m)	   CH	  
8’	   132.86	   -­‐-­‐-­‐	   Quaternary	  
8’-­‐CH3	   17.97	   1.61	  (s)	   CH3	  
9’	   34.59	   1.88-­‐1.87	   CH2	  
10’	   27.93	   2.08-­‐2.14	   CH2	  
11’	   128.26	   5.24	  (m)	   CH	  
12’	  	   131.79	   -­‐-­‐-­‐	   Quaternary	  
12’	  aCH3	   24.53	   1.62	   CH3	  
12’	  bCH3	   17.57	   1.63	   CH3	  
OH	   -­‐-­‐-­‐	   4.57	   -­‐-­‐-­‐	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Figure 2-141. Chemical structure of ß-tocotrienol in fraction 14 from Spiral-Coil-LSRCCC. HSQC and HMBC 
correlations confirm the tentatively elucidated structure. 
The APCI-HPLC-MS-MS data confirmed the occurrence of ß-tocotrienol as ma-
jor compound in fraction 14 when the fragmentation of the spectrum was ana-
lyzed. Literature data report (m/z) of [M + H]+ ions at m/z 431, 417, 417 and 
403 corresponding to α-, β-, γ-, and δ tocopherols, and at m/z 425, 411, 411 
and 397 for tocotrienols, respectively. Also, the characteristic fragment ions 
reported at m/z 205 and 165 for α-tocols, m/z 191 and 151 for β- and γ-
tocols, and m/z 177 and 137 for δ-tocols (Lampi et al. 2008; Ryynänen et al. 
2004).  
The analysis of the APCI-HPLC-MS/MS data of fractions with red fluorescence 
described below was performed and a pattern of fragmentation was observed 
which confirms the presence of α- and β-tocols in fractions 12 -15 in extrusion 
mode. Although the base peak at m/z 419 is recurrent in the report of APCI 
mass data, this could be compared with m/z 417 reported in literature data as 
well as m/z 429. The fragmentation pattern corresponds to the values which 
were reported in literature data. Figures 2-142, 2-143, 2-144 show the APCI-
HPLC-MS/MS spectra of fraction 12, 13, 14 and 15.  
Figure 2-145 illustrates the chemical structure of natural occurring tocopherols 
and tocotrienols in order to understand the pattern of fragmentation in the 
APCI-MS data analysis.  




Figure 2-142. APCI-HPLC-MS/MS data for fraction 12 (above) and 13 (below) in extrusion mode.




Figure 2-143. APCI-HPLC-MS/MS data for fraction 14a (above) and 14b (below) in extrusion mode. 
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Figure 2-145. Structure of the naturally occurring tocopherols and tocotrienols (Ohnmacht et al. 2008). 
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 Analytical thin layer chromatography assay was conducted by using aluminum 
sheets of silica gel F251 [Merck©] for tubes between 194 and 224 from the Spi-
ral-Coil LSRCCC. The mobile phase CH2Cl2/MeOH (9.9/0.1) showed the elution 
for fraction 14 in the plate. The red fluorescence was identified both at 254 nm 
and 366 nm (Figures 2-146, 2-147) (cf. 4.3.2.1). 
 
Figure 2-146. Silica gel TLC gel screening of tubes corresponding to fraction 14 in extrusion mode from 
Spiral-Coil LSRCCC from Baby Banana peels with hyperpigmentation (Above: silica gel TLC under white 
light; Middle: silica gel TLC under 366 nm; Below: silica gel TLC under 254 nm).  
NOTE: Fraction 14 includes tubes between 196 and 224 in extrusion mode but the photo did not show the 
tube 224 due to the amplitude of the photo area.  
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Figure 2-147. Silica gel TLC gel screening of fraction 14 (697.74 mg) in extrusion mode from Spiral-Coil 
LSRCCC from Baby Banana peels with hyperpigmentation (Left: silica gel TLC under 366 nm; Middle: 
silica gel TLC under 254 nm; Right: after spraying with anisaldehyde). 
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2.3.4.2 Elucidation of triterpene alcohol ferulates in fraction 14 of Spiral-Coil-LSRCCC 
separation from Baby Banana peels with hyperpigmentation extract 
The identification of cycloartenyl ferulate was enabled due to the noteworthy 
resonance at δ 167.88 in the 13C-NMR spectrum of fraction 14 which was not 
known previously during the phytochemical study of Baby Banana peel. Figure 
2-148 illustrates the isolated peak in the carboxylic region of the 13C-NMR spec-
trum and the high intensity of the peak in relation with the hidden resonances 
of tocopherols and tocotrienols in the fractions.  
 
Figure 2-148. 13 C-NMR spectrum (150 MHz) of fraction 14 from Spiral-Coil LSRCCC of Baby Banana peel 
with hyperpigmentation. The chemical shift at δ 167.88 belongs to the triterpene alcohol ferulates 
identified in the fraction. 
The HSQC and HMBC experiments data supported the assignments of protons 
and carbons corresponding to a ferulic acid. Once identified as ferulic acid, the 
elucidation of the triterpenes was enabled by comparison with the standards of 
sitosterol and triterpenes reported in section 2.1.10 and 2.1.11. Thus, the 
chemical structure for the cycloartenyl E-ferulate was elucidated and 
summarized in Table 2-34. Figure 2-149 shows the chemical structure (Liu et al. 
2013). 
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The APCI-HPLC-MS/MS spectrum was further analyzed in the positive mode. 
m/z 599.9 was assigned to the cycloartenyl E-ferulate and a derivative of 25-
hydroxy-24-methylcycloartenyl ferulate [M-H-OH]- was detected at m/z 617 
(Figures 2-150, 2-151).  
Figure 2-149. Chemical structure of cycloartenyl E-ferulate elucidated in fraction 14 of Spiral Coil-LSRCCC 
of Baby Banana peel with hyperpigmentation. 
Figure 2-150. Chemical structure of a tentatively identified derivative of 25-hydroxy-24-
methylcycloartenyl ferulate (m/z 617 [M-H-OH]-) in fraction 14 from Spiral-Coil LSRCCC of Baby Banana 
peels with hyperpigmentation (Fang et al. 2003). 
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Figure 2-151. APCI-HPLC-MSMS spectra (below) and UV contour-plot (above) from fraction 14 in 
extrusion mode. The region of mass spectrum without UV shows at 20.7 min two peaks with m/z 617.5 
and 599.9 corresponding to a tentavively identified derivative of 25-hydroxy-24-methylcycloartenyl 
ferulate and cycloartenyl E-ferulate.  
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Table 2-34. 1H and 13C-NMR spectroscopic data at 600 and 150 MHz, respectively, of cycloartenyl  
E-ferulate elucidated in fraction 14 of Spiral-Coil LSRCCC from Baby Banana peels with 
hyperpigmentation (Liu et al. 2013). 
Assignment	   δ13C	  (ppm)	   δ1H	  (ppm)	  
1	   31.80	   1.66	  (1H,	  m),	  1.29	  (1H,	  m)	  
2	   28.80	   1.84	  (1H,	  m),	  1.68	  (1H,	  m)	  
3	   80.13	   4.7	  (1H,	  dd)	  
4	   39.80	   -­‐-­‐-­‐	  
5	   47.30	   1.44	  (1H,	  dd)	  
6	   21.10	   1.60	  (1H,	  m),	  0.81	  (1H,	  m)	  
7	   28.30	   1.90	  (1H,	  m),	  1.28	  (1H,	  m)	  
8	   48.00	   1.53	  (1H,	  dd)	  
9	   20.25	   -­‐-­‐-­‐	  
10	   26.30	   -­‐-­‐-­‐	  
11	   25.80	   1.34	  (1H,	  m),	  1.11	  (1H,	  m)	  
12	   35.70	   1.29	  (2H,	  m)	  
13	   44.90	   -­‐-­‐-­‐	  
14	   49.00	   -­‐-­‐-­‐	  
15	   33.10	   1.62	  (2H,	  m)	  
16	   26.60	   2.00	  (1H,	  m),	  1.13	  (1H,	  m)	  
17	   54.47	   n.d	  
18	   18.10	   0.97	  (3H,	  s)	  
19	   29.90	   0.60	  (1H,	  d),	  0.36	  (1H,	  d)	  
20	   36.00	   1.39	  (1H,	  m)	  
21	   18.80	   0.89	  (3H,	  d)	  
22	   36.50	   1.44	  (1H,	  m),	  1.05	  
23	   25.1	   1.63	  (1H,	  m),	  J=6.8	  	  
24	   125.00	   5.10	  (1H,	  t,	  J=	  7.0	  Hz)	  
25	   131.00	  	   -­‐-­‐-­‐	  
26	   17.80	   1.61	  (3H,s)	  
27	   25.90	   1.68	  (3H,s)	  
28	   19.30	   0.91	  (3H,	  s)	  
29	   25.60	   0.89	  (3H,	  s)	  
30	   15.50	   0.97	  (1H,	  s)	  
1’	   167.88	   -­‐-­‐-­‐	  
2’	   117.00	   7.3	  (1H,	  d)	  
3’	   145.00	   7.4	  (1H,	  d)	  
4’	   125.09	   -­‐-­‐-­‐	  
5’	  	   119.40	   7.06	  (1H,	  d),	  J=2.5	  Hz)	  
6’	   146.46	   -­‐-­‐-­‐	  
7’	   147.90	   -­‐-­‐-­‐	  
8’	   114.21	   4.82	  (1H,	  d),	  4,	  89	  (1H,	  d)	  
4.83	  (1H,	  dd),	  J=1.2,	  J=3.5,	  J=10.2)	  
4.9	  (1H,	  dd),	  J=1.6,	  J=3.8,	  J=17.1)	  
9’	   124.35	   7.08	  (1H,	  dd),	  J=2.5	  Hz,	  J=	  8.6	  	  
-­‐OCH3	   56.70	   3.7	  (3H,	  s)	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2.3.5 Summary  
The Spiral-Coil Low Speed Rotary Countercurrent Chromatography experiment 
covered a broad spectrum of compounds in relation to the degradation of chlo-
rophylls and also detected other lipids in Baby Banana peel with hyperpigmen-
tation. Moreover, the scale-up experiment demonstrated the power of the 
technique with regard reproducibility and accuracy.  
The results summarized for each fraction indicated a possible value as ingredi-
ents for the pharmaceutical drug industry (Subramanian et al. 2008; 
Neugebauer et al. 2011; Scavariello and Avellano 1998; Islam et al. 2008; Cui 
et al. 2010; Farag and Paré 2013; Fuchs et al. 2005; Gonzáles-Montelongo et 
al. 2010; Guo et al. 2002; Islam et al. 2009; Kikuchi et al. 2007; Kolesnik et 
al. 1991; Nakagawa et al. 2008; Potta et al. 2003; Skakovskii et al. 2007; 
Stoffel et al. 1972; Xu et al. 2001; Stoffel et al. 1974; Schwartz et al. 2008) 
Nevertheless, the main objective proposed of the research was to find an ex-
planation for the hyperpigmentation phenomenon. 
In the study of the phenomenon of hyperpigmentation by means of HSCCC and 
Spiral-Coil LSRCCC it became apparent that several compounds occur in larger 
quantities in banana peels with hyperpigmentation than in control banana 
peels. The main relevant results have been explained in the Spiral-Coil experi-
ment when the elucidation of fraction 14 was performed. 1D and 2D NMR ex-
periments enabled the identification of tocopherols and tocotrienols in the frac-
tions. It is meaningful that the same types of NMR spectra have been obtained 
in different experiments of Baby Banana peels with hyperpigmentation. For ex-
ample, during the separation of methanol phase from banana with hyperpig-
mentation by means of HSCCC, fraction 5 in extrusion mode depicted a similar 
spectrum, also when the acetone extract was fractionated and the fractions 
were analyzed. 
Additionally, derivatives of chlorophylls esterified with sitosterols could play an 
important role in the phenomenon of hyperpigmentation. Additionally, the Ba-
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by Banana with hyperpigmentation showed only chlorophyll b in contrast with 
the normal banana which contained only chlorophyll a.  
In any case, the results should be analyzed carefully in relation with the bio-
chemistry and physiology of the plant in order to understand the difference be-
tween banana control and banana with hyperpigmentation. The research 
should continue in order to elucidate the physiological behavior due to the hy-
perpigmentation phenomenon. 
In a previous report it has been published that the lipophilic extracts of bana-
nas residues represent a source of valuable phytosterols. Oliveira et al. 2006 
studied the fatty acids, sterols and steryl esters in unripe pulp and peel of ba-
nana fruit 'Dwarf Cavendish' by gas chromatography-mass spectrometry. Fatty 
acids are more abundant in the banana pulp (29-90% of the total amount of 
lipophilic extract), with linoleic, linolenic, and oleic acids as the major com-
pounds among the unsaturated fatty acids. Sterols represented about 49-71% 
of the liphophilic extract with two triterpenic ketones (31-Norcyclolaudenone 
and cycloeucalenone) as the major components. The detection of high 
amounts of steryl esters (469-24405 mg/kg) and diacylglycerols (119-878 
mg/kg) is reported, mainly present in the banana peel extract (Oliveira et al. 
2006). 
Steryl glycosides and acyl steryl glycosides from Musa paradisiaca were isolat-
ed from peeled fruits of banana and identified as sitoindoside-III and sitoindo-
side-IV, and two new steryl glycosides, sitosterol gentiobiose and sitosterol 
myo-inosytyl-ß-D-glucoside (Ghosal 1985). 
Still, this is the first report of the analysis of Banana peel by means of HSCCC 
and Spiral-Coil LSRCCC. Consequently, the results could be a guide for further 
studies in relation with other fruits.  
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The degree of greenness, attributed to chlorophyll pigment, is important in de-
termining the quality of banana during the postharvest stage. For this reason 
the hyperpigmentation phenomenon observed in some peels of Baby Bananas 
(Musa acuminata AA Simmonds cv. Bocadillo) from Colombia has been studied 
in the current research. The visible small green bands which occur when the 
fruit reaches the green stage of ripening and disappear subsequently when the 
carotenoids are the major compounds in the peels, could be related with the 
degradation of chlorophyll according to the results obtained in the present phy-
tochemical study.  
Chlorophyll a (Chl a), chlorophyll b (Chl b) and pheophytin a (Phy a) were iso-
lated from Baby banana peels by means of high-speed countercurrent chroma-
tography (HSCCC) with the application of a novel solvent system composed of 
hexane/EtOH/CH2Cl2/H2O (6:2:4:2 v/v/v/v). This suitable solvent system elab-
orated during the assays of optimization permitted the evaluation of chloro-
phylls a/b ratio and derivatives not only in Banana peels but also in grass and 
spinach. The results revealed a significant difference in the pigment composi-
tion between the baby banana with hyperpigmentation and the baby banana 
control. Chl a/b and Phy a/b ratios in control and hyperpigmented banana 
could indicate that Baby Banana control uses the reversal Chl-b biosynthesis 
during the degradation pathway to produce just Chl-a while banana with hy-
perpigmentation did not depict Chl-a and conversely accumulate Chl-b.  
According to recent publications regarding chlorophyll degradation, a pathway 
of chlorophyll breakdown not only occurs in chloroplast/gerontoplast but also in 
both cytosol and vacuole via pheophorbide a oxigenase (PaO) to produce fluo-
rescent (Mc-FCC) as well as nonfluorescent (NCCs) chlorophyll catabolites. The 
preference of PaO for pheophorbide a as substrate instead of pheophorbide b is 
explained by the fact that pheophorbide b is a competitive inhibitor of PAO. 
Therefore catabolism of chlorophyll b is required to yield chlorophyll a.  
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These results could explain the reason of the accumulation of Chl-b in Baby 
banana peels with hyperpigmentation and also its lower ratio of Phy a/b (0.86) 
in comparison with 3.06 of Phy a/b in control. The difference of ratios between 
Phy a/b is due to the lower amount of Phy b in Baby banana control in contrast 
with the high value of Phy b in the hyperpigmented banana.  
The role of the enzymes during the degradation of chlorophylls is relevant and 
therefore a methodology to isolate chlorophyllase enzyme and proteins in Baby 
banana peel was applied (cf. 4.3.6). Proteins bands in SDS/PAGE were found in 
the range from 20 kD to 37 kD from the extract of Baby banana peel without 
hyperpigmentation that could correspond to the chlorophyllase enzyme of Baby 
Banana peels in concordance with both the 25 kDa protein band and molecular 
weight of the heated enzyme protein with 35 kDa reported in the literature 
(Harpaz-Saad et al. 2007; Trebitsh et al. 1993). Further studies are necessary 
to compare these results with the protein screening of a Baby banana extract 
with hyperpigmentation.  
Spiral-coil LSRCCC fractionated 17 g of an hexane extract of Baby banana 
peels with hyperpigmentation by using the solvent system acetonitrile/hexane 
(1:1 v/v). Chlorophyll derivatives were eluted (polar→unpolar) in elution and 
extrusion mode. The extraction method used increases the pheophytinization 
and APCI-HPLC-MS method showed that it is suitable for these type of com-
pounds with polar and unpolar moieties.  
Further studies with Spiral-coil LSRCCC should be performed to evaluate the 
behavior of chlorophyll a/b ratios with the application of the second extraction 
method which avoids the total degradation of chlorophylls by using the novel 
solvent system hexane/EtOH/CH2Cl2/H2O (6:2:4:2 v/v/v/v).  
The elucidation of tocotrienols by 1D and 2D NMR in fraction 14 of Spiral-coil 
LSCCC separation of Baby Banana peel with hyperpigmentation is relevant. The 
control Banana does not show any presence of these compounds. 
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 The tentative explanations could be supported by the detection of the major 
derivatives of chlorophyll in Baby Banana peel with hyperpigmentation during 
the Spiral-Coil LSRCCC experiment which were pyropheophorbides esterified 
with sterols (cf. 2.3.3). The loss of phytol in the chlorophyll molecule during the 
degradation would yield an accumulation of phytol which can be transformed 
into tocopherols and tocotrienols as it is reported by Collakowa and DellaPenna 
(2003) and DellaPenna and Pogson (2006). The tocopherols are synthesized 
exclusively by photosynthetic organisms.  
The occurence of triterpene alcohol ferulates has been reported before in Rice 
Bran oil fractionated by means of HSCCC (Angelis et al. 2011; Liu et al. 2013). 
In fraction 14 from Spiral-Coil LSRCCC separation scale-up both 25-hydroxy-
24-methylcycloartenyl ferulate by APCI-HPLC-MS and cycloartenyl trans feru-
late by 1D, 2D NMR experiments have been identified (cf. 2.3.4.1, 2.3.4.2). The 
literature cited above reported that a nutraceutical edible oil from Rice bran 
by-product is known as γ-oryzanol which contains high amount of sterols, 
triterpene alcohol ferulates and vitamin E (tocopherols and tocotrienols). 
Therefore, Baby banana peel with hyperpigmentation contains this valuable 
raw material which has antioxidant and hypocholesterolemic properties (Scav-
ariello and Avellano 1998; Islam et al. 2009).  
The phytochemical analysis of Baby banana peel revealed a novel glycolipid O-
α-D-Galp(1’’→ 6’)-O-β-D-Glup(1’→3)-2, 1-diacyl-L-glycerol which has not been 
found in higher plant before (cf. 2.1.2). Phosphatidylcholine (Lecithin), phos-
phatidyl-ethanolamine, molecular species of glucocerebroside and sulphoqui-
novosyl-diacylglycerol were elucidated by 1D,2D NMR experiments. Before the 
current research, these compounds have not been reported in banana.  
It is also important to note that carotenoids do not play an important role in 
relation with the hyperpigmentation phenomenon since they are found in simi-
lar proportion in both types of bananas. However, the novel solvent system 
hexane/EtOH/CHCl3/H2O (6:2:4:2 v/v/v/v) enables the isolation of xantho-
phylls in fruit and plants which could be important for further research. 
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The outlook in the near future is to analyze carefully the further compounds 
fractionated by means of HSCCC from the methanol extract of both Baby ba-
nana peels with hyperpigmentation and control in order to clarify the occur-
rence of polar derivatives of chlorophyll, such as red chlorophyll catabolite 
(RCC), new fluorescent chlorophyll catabolites (FCCs) and nonfluorescent chlo-
rophyll catabolites (NCCs). Afterward it would be priority to explore the hyper-
pigmentation phenomenon with fresh Baby bananas in Colombia by means of 
HSCCC and Spiral-Coil LSRCCC with the application of the methodology devel-
oped in the current research.  
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4.1 Plant Material and Chemicals 
4.1.1 Plant Material 
Baby Bananas were obtained from the Colombian company CIDELA LTDA. The 
fruits were collected from plantations located in Cundinamarca, Colombia. The 
stage of ripening was green color corresponding to stage No. 2 of the color 
chart used in marketing. The samples were weighted and peeled to separate 
the peel and pulp from the fruits. Flavedo, the outer membrane of the peels, 
that contains plastid with chlorophylls in unripe fruit, also called “exocarp”, is 
separated from the albedo, the inner layer of the peels, also called “mesocarp”. 
The flavedo is weighted, gently lyophilized and stored at -20°C until the ex-
traction is executed.  
Grass material was supplied by Henkel, Germany, and spinach was purchased 
at a market in Braunschweig, Germany.  
4.1.2 Chemicals and Solvents 
Demineralised water (Barnstead, UK) and deionised water (Nanopure®, Wer-
ner, Germany) was provided for the preparations of solutions in experiments. 
For HPLC- and HPLC-MS- analyses solvents with HPLC-quality have been used. 
Extractions, HSCCC separations and Thin Layer Chromatography (TLC) were 
performed with p.a.–quality solvents. The chemicals and solvents were sup-
plied by Sigma-Aldrich, Fluka (Steinheim, Germany), Roth (Karlsruhe), Merck 
(Darmstadt, Germany), Fisher Scientific (Loughborough, UK) AppliChem 
(Darmstadt, Germany), Deutero (Kastellaun, Germany) and Riedel-de Haën 
(Seelze, Germany) (Table 5.1). 
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 Table 4-1. Chemicals used with the producer and purity information.  
Chemicals Purity Manufacturer 
Acetonitrile p.a Sigma-Aldrich 
Acetonitrile HPLC grade Sigma-Aldrich 
Acetone  p.a Carl Roth 
Acetone –d6 99.9 % deuterated Deutero GmbH 
Acetone Distilled  --- 
Anisaldehyde p.a. Merck 
Acetic acid p.a. (100%) Roth 
Acetic acid p.a. (98-100%) Merck 
Chloroform  p.a.  Fluka  
Chloroform-d 99.8 % deuterated  Deutero GmbH 
Dichloromethane p.a.  Fluka 
Dichloromethane-d2 99.8 % deuterated Deutero GmbH 
Diethylether  p.a  Fluka 
N,N-dimethylformamide p.a  Roth 
Ethanol  p.a. (≥ 99.8%) Sigma-Aldrich 
Ethanol  Distilled  --- 
Ethyl acetate p.a Roth 
Ethyl acetate p.a (99.97%) Fisher Scientific 
n-Hexane Distilled --- 
n-Hexane HPLC Roth 
Isopropanol HPLC Sigma-Aldrich 
Potassium hydroxide p.a. (≥ 85%) Roth 
Methanol  Distilled  --- 
Methanol HPLC  Fisher Scientific 
Methanol HPLC-MS VWR 
Methanol-d4 99.8% deuterated Deutero GmbH 
Magnesium carbonate  p.a.  Roth  
Sodium sulfate (anhy-
drous) 
p.a.  Merck 
Sulfuric Acid  p.a (95-98%) Roth  
Tert-butylmethylether HPLC Merck 
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4.2 Equipments and Parameter 
4.2.1 High-Performance Liquid Chromatography (HPLC) 
 
4.2.1.1 Jasco-System (HPLC-DAD) 
Pump:  Intelligent HPLC Pump PU-980 (Jasco, Gross-Umstadt, Germany)  
Degasser: Three-Line-Degasser DG-980-50 (Jasco, Gross-Umstadt, Germany) 
Gradient mixer: Low-pressure gradient former LG-980-02 Ternary Gradient Unit 
(Jasco, Gross-Umstadt, Germany)  
Detector:  MD-910, Multiwavelength between 220-650 nm (Jasco, Gross-
Umstadt, Germany) 
Auto sampler: Intelligent autosampler AS-950 (Jasco, Gross-Umstadt Germany)  
Software: Borwin PDA Chromatography Data System, Version 1.8.6.1 (Jasco, 
Gross-Umstadt, Germany) 
4.2.1.2  Knauer-System (preparative) – Equipment I 
Pump:  Wellchrom HPLC Pump K-1001 (Knauer, Berlin, Germany)  
Degasser: Wellchrom 4 Channel Degasser K-5004 (Knauer, Berlin, Germany)  
Gradient mixer: Solvent organizer K-1500 (Knauer, Berlin, Germany) 
Dynamic Mixing Chamber (Knauer, Berlin, Germany)  
Injector: Analytic: 20 µL and Preparative 500 µL (Knauer, Berlin, Germany)  
Detector:  Wellchrom UV Detector K-2600 (Knauer, Berlin, Germany)  
Software: Knauer Eurochrom 2000 Windows Version 2.05 
4.2.1.3 Knauer-System (preparative) – Equipment II 
Pump:  Wellchrom HPLC Pump K-1500 (Knauer, Berlin, Germany)  
Degasser: Wellchrom 4 Channel Degasser K-5004 (Knauer, Berlin, Germany)  
Gradient mixer: Solvent organizer K-1500 (Knauer, Berlin, Germany) 
 Dynamic Mixing Chamber (Knauer, Berlin, Germany)  
Injector: Analytic: 200 µL and Preparative 500 µL, 96650,  
(Knauer, Berlin, Germany)  
Detector:  Wellchrom UV Detector K-2600 (Knauer, Berlin, Germany)  
Software: ChromGate® 3.1.7. 
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4.2.1.4 Analytical Columns 
Luna C18 (2), 250 x 4.6 mm, 5 µm, (Phenomenex, Germany)  
Hypersil C18, 250 x 2.0 mm, 5 µm (Phenomenex, Germany)  
4.2.1.5 Preparative Columns 
Eurosphere 5	  µm 100-018 C18, 250 x 16 mm with C18 precolumn (Knauer, Germany) 
Luna 5 µm C18 (2), 250 x 10 mm, with C18 precolumn (Phenomenex, Aschaffenburg, Germany) 
Luna 5 µm C18 (2), 250 x 15 mm, with C18 precolumn (Phenomenex, Germany) 
4.2.1.6 Solvent System and Gradients of HPLC – DAD 
4.2.1.6.1  
Solvent system A:H2O B:Methanol  
Flow rate: 0.25 mL/min 
Column: Hypersil C18, 250 x 2.0 mm 5 µm (Phenomenex, Germany)  
Gradient: 0 min 80% B, 7 min 85% B, 20 min 100% B, 50 min 100% B,  
 55 min 80% B, 60 min 80% B  
Detector:  210 nm 
Injection: 5 µL 
 
4.2.1.6.2  
Solvent system A:H2O B:Methanol 95:5 (v/v) 
Flow rate: 0.25 mL/min 
Column: Hypersil C18, 250 x 2.0 mm 5 µm (Phenomenex, Germany)  
Gradient: Isocratic  
Detector:  210 nm 
Injection: 5 µL 
4.2.1.6.3  
Solvent system Methanol 100% 
Flow rate: 0.25 mL/min 
Column: Hypersil C18, 250 x 2.0 mm 5 µm (Phenomenex, Germany)  
Gradient: Isocratic  
Detector:  210 nm 
Injection: 5 µL 
 
4.2.1.6.4  
Solvent A: tert. Butyl-methylether/Methanol/H2O, 4/92/4 (v/v/v) 
Solvent B: tert. Butyl-methylether/Methanol/H2O, 90/6/4 (v/v/v) 
Flow rate: 0.8 mL/min 
Column: Luna C18 (2), 250 x 4.6 mm 5 µm, (Phenomenex, Germany).  
Gradient: 0 min 0% B, 10 min 0 % B, 20 min 50% B, 30 min 100% B,  
 50 min 100 % B, 55 min 0% B, 60 min 0% B  
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4.2.1.7 Solvent System and Gradients of Preparative HPLC  
4.2.1.7.1 Preparative HPLC System 1  
Solvent system Methanol/Ethanol 7:3 (v/v) 
Flow rate: 3.0 mL/min 
Column: Luna 5 µm C18 (2), 250 x 15 mm, with C18 precolumn 
(Phenomenex, Germany). 
Gradient: Isocratic  
Detector:  210 nm 
Injection: 0.5 mL 
 
4.2.1.7.2 Preparative HPLC System 2  
Solvent system Methanol 100% 
Flow rate: 6.0 mL/min 
Column: Luna 5 µm C18 (2), 250 x 10 mm, with C18 precolumn 
(Phenomenex, Germany). 
Gradient: Isocratic  
Detector:  400 nm 
Injection: 0.5 mL 
 
4.2.1.7.3 Preparative HPLC System 3  
Solvent system tert. Butyl-methylether/Methanol/H2O, 90/6/4 (v/v/v) 
Flow rate: 6.0 mL/min 
Column: Luna 5 µm C18 (2), 250 x 10 mm, with C18 precolumn 
(Phenomenex, Germany). 
Gradient: Isocratic  
Detector:  400 nm 
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4.2.2 Mass spectrometry 
4.2.2.1 APCI-HPLC-MS-MS 
 
Pump:  Agilent 1200 G1329A BinPump (Santa Clara, California, USA) 
Detector:  Agilent 1100 DAD G1315B (Santa Clara, California, USA) 
Autosampler:  Agilent 1200 G132B ALS SL (Santa Clara, California, USA) 
MS:  Bruker Daltonics Inc Ultra PTM Discovery System 
Controler Unit: Bruker Compass hystar 
 
4.2.2.2 Column APCI-HPLC-MS-MS 
 ProntoSIL C18, 250 x 2 mm, 5	  μm	  (Knauer, Germany)	  
4.2.2.3 Parameter Mode APCI-HPLC-MS-MS 
Mass Range Mode: Ultra Scan 
Ion Polarity: Positive 
Ion Source Type:  APCI 
Trap Drive: 55.6 
Octopole RF Amplitude: 187.1 Vpp 
Vaporizer Temp:  400°C 
Capillary exit: 121.0 V 
Lens 2: -60,0 V 
Dry Temp:  350°C 
Dry Gas:  5.00 l/min 
Nebulizer: 45,00 psi 
HV Capillary: -3500 V 
HV End Plate Offset: -500 V 
Scan Begin: 150 m/z 
Scan End: 1500 m/z 
Average: 5 Spectra 
Max. Acc. Time: 200000 µs 
(Smart) ICC Target: 100000 
 
4.2.2.4 Solvent system and gradient of APCI-HPLC-MS 
Solvent A: tert. Butyl-methylether/Methanol/H2O, 4/92/4 (v/v/v) 
Solvent B: tert. Butyl-methylether/Methanol/H2O, 90/6/4 (v/v/v) 
Flow rate: 0.8 mL/min 
Column: ProntoSIL C18, 250 x 2 mm, 5 µm (Knauer, Germany) 
Gradient: 0 min 0% B, 10 min 0 % B, 20 min 50% B, 30 min 100% B,  
 50 min 100 % B, 55 min 0% B, 60 min 0% B  
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4.2.3 High-Speed Countercurrent Chromatography (HSCCC) 
 
Equipment: High-Speed Countercurrent Chromatograph CCC-1000, 
Pharma-Tec Research (Baltimore, MD, USA) 
Coil: Triplecoil, Teflon tubing I.D. 2.5 mm 
Volumen:  850 mL 
Sample loop: 20 mL, 25 mL, 50 mL 
Pump: Biotronik HPLC Pump BT 3020 (Jasco, Gross-Umstadt, Germany) 
Detector: Variable Wavelength Monitor, A0293, Knauer (Berlin, Germany) 
Recorder: Servogor 120, BBC Goerz Metrawatt 
Fraction collector: LKB Bromma 2211 SuperFrac, Pharmacia (Sweden) 
 
Parameter of HSCCC separations: 
 
ELUTION MODE: Head to Tail (upper phase as stationary phase)  
Flow rate: 3.5 mL / min 
Rotation: 800 U / min 
Detector: 210 nm or/and 440 nm 
Mobile phase: lower phase 
 
EXTRUSION MODE: Tail to Head (lower phase as stationary phase)  
Flow rate: 6.0 mL/min 
Rotation: 600 U/min 
Detector: 210 nm or/and 440 nm 
Mobile phase: upper phase 
 
 
4.2.3.1 Solvent System of High-Speed Countercurrent Chromatography (HSCCC) 
I. Hexane/CH2Cl2/EtOH/H2O (4:2:6:2, v/v/v/v)  
II. Acetonitrile/Hexane (1:1, v/v) 
III. Hexane/Methanol/H2O/EtOAc (10:10:1:1, v/v/v/v) 
IV. Hexane /EtOH/ H2O (6:5:2, v/v/v) 
V. Hexane/Methanol (2:1, v/v) 
VI. Hexane/Acetonitrile/CHCl3 (4:6:1, v/v/v) 
VII. Hexane/CHCl3/EtOH/H2O (4:2:6:2, v/v/v/v) 
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4.2.4 Gas Chromatography 
4.2.4.1 GC-MS I 
Equipment  HP 5890 Series II Plus Gas chromatograph (Agilent, USA)  
Capillary column  Wax plus 0.25 mm i. D., Layer thickness 0.25 µm, length:30 m 
(Phenomenex, USA)  
Carrier gas Helium (1.0 mL/min)  
Auto sampler  HP 6890 Series Injector with HP 7673 Controller (Agilent, USA)  
Injector  Split/Splitless (1:10), 230 °C  
Injection volume  1 µL  
Detector  HP 5972 Series Mass selective detector (Agilent, USA)  
Ionization  El 70 eV  
lon source 180 °C  
Scanning area  50-550 u, 1.53 Scans/s  
Temperature program  70 °C for 3 min, ramp of 3 °C/min up to 220 °C and 220 °C for 10 
min; transfer line temperature 220 °C 
 
4.2.4.2 GC-MS II 
Equipment  GC-2010, Shimadzu  
Capillary column  ZB-5HT, 0.25 mm i. D., Layer thickness 0.25 µm, length:30 m, a 
retention gap (deactivated, 1.5 m) (Phenomenex, USA)  
Carrier gas H2 (65.4 kPa) 40 cm/s (linear velocity mode)  
Injector  Split/Splitless, 250 °C  
Injection volume  1 µL  
Detector  FID, H2 (40 mL/min) and synthetic air (400 mL/min), N2 (make-up-
gas 30 mL/min) 
Temperature program  60 °C (1 min), with 20 °C/min to 200 °C, with 4 °C /min to 250 °C, 
with 20 °C /min to 310 °C /min for 10 min. 
Software: GC solution Data system Version 2.3  
4.2.4.3 GC-MS III 
 
Equipment  GC-5890A, Hewlett Packard 
Capillary column  ZB-5HT, 0.25 mm i. D., Layer thickness 0.25 µm, length:30 m, a 
retention gap (deactivated., 1.5 m) (Phenomenex, USA)  
Carrier gas H2 (65.4 kPa) 40 cm/s (linear velocity mode)  
Auto sampler  HP 6890 Series Injector with HP 7673 Controller (Agilent, USA)  
Injector  Split/Splitless 1:20 
Injection volume  1 µL  
Detector  FID, H2 (40 mL/min) and synthetic air (400 mL/min), N2 (make-up-
gas 30 mL/min) 
Temperature program  60 °C (1 min), with 20 °C/min to 200 °C, with 4 °C /min to 250 °C, 
with 20 °C /min to 310 °C /min for 10 min 
Software: Amidis32 and Wsearch32 
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4.2.5 Spiral-Coil Low-Speed Rotary Countercurrent  
 Chromatography (Spiral-Coil LSRCCC) 
 
Equipment: Prototype Spiral tube assembly of the LSRCCC  
Pharma-Tech Research Corporation (Baltimore, Maryland) 
Coil: “Convoluted” Teflontubing I.D 8.5 mm 
Volume:  Three spiral layers 550 mL 
Coil volume:  10 Spirals 5500 mL 
Pump: HPLC Pump 64 (Knauer, Berlin, Germany) 
Detector: Variable Wavelength Monitor, (Knauer, Berlin, Germany) 
Recorder: ABB Goerz SE 120, Register paper 1 cm/h 
Fraction collector: LKB SuperFrac, 10 Pharmacia, 10-12 min/fractions (Sweden) 
	  
4.2.5.1 Solvent system for Spiral-Coil LSRCCC 
Solvent system:  Acetonitrile/Hexane; 1/1 (v/v) 
Flow rate: 15.0 mL/min 
Elution mode: Head to tail 
Wavelength: 210 nm 
Rotation: ca. 100 U/min 
 
4.2.6 Nuclear Magnetic Resonance Spectroscopy 
 
Equipment I: AMX-300, Bruker Daltonik (Germany) 
NMR frequency:  1H: 300.1 MHz 
 13C: 75.5 MHz 
 
Equipment II: AVII-600, Bruker Daltonik (Germany) 
NMR frequency: 1H: 600.0 MHz 
 13C: 150.0 MHz 
  
The isolated substances were dissolved in deuterated solvents: CD3OD, CD3Cl, CD2Cl2 and  
d6-acetone. 
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4.3  Methods 
4.3.1 Extraction Methods  
4.3.1.1 First Extraction Method  
 
Figure 4-1. Methodology of first extraction method applied to Baby Banana peels, chlorophyllase enzyme 
and proteins in Baby Banana peels with hyperpigmentation (Jerz et al. 2007). 
4.3.1.2 Second Extraction Method  
 
Figure 4-2. Methodology of second extraction method applied to Baby Banana peels, grass and spinach. 
(Minguez-Mosquera and Garrido-Fernandez 1989). 
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4.3.2 Thin Layer Chromatography (TLC) 
4.3.2.1 System 1 
TLC plate: Silica Gel 60F254 TLC aluminium foils sheet 20 x 20 cm (layer 0.2 mm, 
MERCK) 
Solvent systems: CH2Cl2 /Acetone 9:1 (v/v) 
 CH2Cl2/Acetone 9.9/0.1 (v/v) 
 CH2Cl2/Methanol 9.9/0.1 (v/v) 
 CH2Cl2/Hexane/Acetone 7:3:0,15 (v/v/v) 
 Petroleum ether/Acetone/diethylamine 10:4:1 (v/v/v)  
Detector: daylight, UV 254 nm, UV 366 nm  
Detection: Spray reagent anisaldehyde-sulfuric acid according to Stahl (1967). 
 Anisaldehyde–concentrated sulfuric acid-glacial acetic acid(1:2:97). 
 Developing at 110°C.  
4.3.2.2 System 2 
TLC plate: Alugram RP-18W/UV254 20 x 20 cm (layer 0.2 mm, MERCK) 
Solvent systems: Acetonitrile 100% 
 Methanol 100% 
 Ethanol/Methanol 5:5 (v/v) 
 Ethanol/Acetonitrile 5:5 (v/v) 
 tert. Butyl-methylether/Methanol/H2O, 4:92:4 (v/v/v) 
 tert. Butyl-methylether/Methanol/H2O, 90:6:4 (v/v/v) 
Detector: daylight, UV 254 nm, UV 366 nm 
Detection: Spray reagent anisaldehyde-sulfuric acid according to Stahl (1967). 
 Anisaldehyde–concentrated sulfuric acid-glacial acetic acid(1:2:97). 
 Developing at 110°C. 
 
4.3.3 Compositional analysis of glycolipids 
4.3.3.1 Analysis of fatty acid components by Gas chromatography–mass spectrometry 
 (GC-MS) 
 
Purified glycolipids (2 mg) were esterified by dissolving 1 mg of the sample in 
1 mL petroleum ether in a V-vial and then 30µL from 2 mol sodium methylate 
solution was added. The sample should be shaked several times to obtain two 
phases. The upper phase (petroleum ether) contained fatty acids Me esters 
and the lower phase (sodium methylate and water) contained sugars and glyc-
erol as polar components from glycolipids.  
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Fatty acid methyl esters were treated with ca. 100 mg of calcium chloride and 
were analyzed by gas chromatography–mass spectrometry (GC-MS) (cf. 
4.2.4.1). 
4.3.3.2 Sugar composition of glycolipids (SCG) 
The sugar composition of the glycolipids was determined following hydrolysis 
and derivatization of the sugars as their alditol acetates. 2 mg of glycolipids 
without acyl moiety, simultaneously, with glucose and galactose samples were 
treated in  an 1mL V-vial, respectively, with 2M trifluoroacetic acid (TFA) (750 
µL deionized water and 150 µL of concentrated TFA). After cooling to room 
temperature, aqueous acid was removed by repeated co-distillation with tolu-
ene in a stream of nitrogen. Hydrolyzed samples were reduced with a solution 
of 500 µL of 0.25 M NaBD4 in 2 M NH3 at 60 °C for 120 min. The yield of cris-
tals into the vials reveals that the hydrolysis was carried out and the alkaline 
acetylation is performed (Adden et al. 2006, 2005). 
After cooling to room temperature, the solution was co-evaporated with meth-
anolic acetic acid (15%) in a stream of nitrogen to remove borate as its methyl 
ester. The derivatives were dissolved in 50 µL of pyridine and 200 µL of acetic 
anhydride was added to acetylate the sample at 90 °C for 120 min. Saturated 
NaHCO3-solution was added and stirred until CO2-formation ceased. The prod-
ucts were extracted three times with dichloromethane. The combined organic 
layers were first washed two time with saturated NaHCO3-solution (1 mL), 
once with cold 0.1 M HCl (1 mL), three times with 1 mL of water, and then 
dried over CaCl2 (Voiges et al. 2012). 
Alditol acetates were prepared and analyzed by gas chromatography/mass 
spectrometry (GC/MS) (cf. 4.2.4.2; 4.2.4.3). 
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4.3.4 Isolation of pheophytin from methanol phase of Baby Banana 
 peels by means of Normal Phase Chromatography 
The first extraction method was applied to obtain a methanol phase from Baby 
Banana peels (control, without hyperpigmentation). Two HSCCC separations 
from the methanol phase extract were performed in elution and extrusion 
mode to recollect 16.34 mg of pheophytin a together with triterpenoids in frac-
tions 6 of extrusion mode. Analysis was done by means of APCI-HPLC-MS (cf. 
4.2.2.4) and TLC chromatography (cf. 4.3.2). 
The application of normal phase chromatography onto a Silica gel mini-column 
(Pasteur pipette) was performed to fractionate 16.35 mg of the extract  
and 7 mini-fractions were eluted with the solvent system CH2Cl2/Hexane 
/Acetone, (7:3:0,2 v/v/v). 2.1 mg of pure pheophytin a was obtained from 
mini-fraction 3. 
In order to recollect enough amount of pure pheophytin a for the analysis of 
2D NMR experiments, preparative HPLC method (cf. 4.2.1.7.2) was applied to 
7.8 mg from mini-fraction 2 of the normal phase chromatography. 1.2 mg of 
pure pheophytin a was obtained from fraction 7 from preparative HPLC separa-
tion and a total of 3.3 mg of pure pheophytin a was recollected. 
4.3.5 Isolation of carotenoids from acetone extract of Baby Banana 
 peels with hyperpigmentation by means of Normal Phase 
 Chromatography  
100 mg of fraction 12 obtained from preparative separation by HSCCC of ace-
tone extract from Baby Banana peels with hyperpigmentation (cf. 2.1.9) was 
fractionated by means of normal phase chromatography. A chromatography 
column (400 mm x 30 mm i.d.) was used with a mobile phase consisting of 
CH2Cl2/Methanol (9.9/0.1) (v/v). 15 fractions were eluted and monitored with 
TLC in order to observe the purity of the separations. Fraction 1 showed a sin-
gle yellow coloured band under white light and corresponded to 27.8 mg of a 
mixture of carotenoids identified by APCI-HPLC-MS and 1D and 2D NMR exper-
iments (Byrdwell 2005). 
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4.3.6 Partial isolation of chlorophyllase and proteins from flavedo of 
 Baby Banana peels  
A protocol was established to isolate chlorophyllase and proteins from 250 
g of flavedo, the outer coloured layer of Baby Banana peels. The sample was 
homogenized with acetone to obtain an acetone powder and the soluble 
proteins were extracted with 100 mM potassium phosphate (pH 7.0) con-
taining 50 mM KCl and 0.24% Triton–x100 from the acetone powder and 
centrifuged at 10,000 x g at 4 °C for 60 min. The supernatant was homog-
enized and stirred with 80% (m/v) of (NH4)2SO4 for 60 min at 4 °C and cen-
trifuged at 10,000 x g at 4°C for 90 min. The precipitate was resuspended in 
phosphate buffer and dialyzed. The dialyzed product (20%) was lyophilized 
to determine t h e  proteins by Bradford assay and the remaining (80%) a l -
lowed to measure the enzyme activity and the determination of molecular 
mass of proteins by SDS/PAGE with the “precision plus protein standards” 
from Bio-Rad: 10kD, 15kD, 20kD, 25kD, 37kD, 50kD, 75kD, 100kD, 
150kD and 250kD. 
The Bradford assay was performed using 1.14 mg of lyophilized product from 
dialyzed extract and 41.56 µg corresponded to proteins with an accuracy of 
99% according to the coefficient of determination (R2) estimated (Belitz et al. 
2009)The SDS-PAGE electrophoresis was carried out and molecular masses 
between 10kD, 15kD, 25kD and 37kD were identified from the dialyzed prod-
uct of Baby Banana peels (cf. 4.3.6.1.) 
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Figure 4-3. Methodology for the partial separation of chlorophyllase enzyme and proteins  
in Baby Banana peels with hyperpigmentation. 
4.3.6.1 SDS/PAGE condition 
-Gel dimensions 7.2 x 8.6 cm; 1.0 mm gel thickness. 
-Stacking gel: 30% acrylamide mix (apply to 5% gel).  
-Resolving gel: Mini-PROTEAN TGX gel 8-16% gradient. 
-Electrophoresis Buffer:Tris-glycine. 
-Sample load: 20µL. 
-Sample Buffer: Laemmli Bio-Rad  
-Run Conditions: 120V, 40mA 
 255
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